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PREFACE. 


rj^HE  appearance  of  the  present  translation  of  my  Manual  of 
Histology,  following  on  the  excellent  version  issued  by  the 
Sydenham  Society  in  1853-54,  may  seem  to  require  a  word  of 
explanation.    The  earlier  translation,  with  which  were  incorpo- 
rated various  extracts  from  my  Microscopical  Anatomy,  was  from 
the  hands  of  no  less  eminent  editors  than  Professors  Bush  and 
Huxley.    But  having  been  printed  exclusively  for  members  of 
the  Sydenham  Society,  the  work  has  not  obtained  any  large 
circulation  in  the  English  medical  world.    On  this  account,  on 
my  visit  to  the  British  Association  at  Glasgow  in  the  year  1855, 
I  was  urged  by  several  of  my  English  friends  to  prepare  an 
independent  English  edition,  which  should  also  have  the  advan- 
tage of  a  more  compact  form.     After  mature  consideration,  I 
resolved  to  act  on  this  suggestion;  and,  in  the  same  year,  I 
succeeded  in  finding  a  publisher,  Mr.  J.  W.  Parker,  ready  to 
forward  the  work  by  all  the  means  in  his  power.    In  carrying 
out  my  project,  however,  a  considerable  obstacle  presented  itself. 
The  translation  was  executed  under  my  own  supervision  by  one 
of  my  pupils,  who  spared  no  pains  or  diligence  upon  it ;  but 
when  submitted  to  English  friends,  on  whose  judgment  I  could 
thoroughly  rely,  it  was  pronounced  to  have  followed  too  literally 
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the  German  original.  I  was,  therefore,  obliged  to  abandon  all  idea 
of  publishing  the  work  in  that  condition.  A  complete  revision  of 
the  manuscript,  which  almost  amounted  to  a  remodelling  of  the 
translation,  was,  however,  undertaken  by  Dr.  George  Buchanan 
and  another  friend  in  England ;  and^  these  gentlemen  have  done 
their  part  in  a  manner  which  merits  my  warmest  thanks. 

The  work  which  I  now  present  to  the  English  medical  public 
is,  in  the  main,  a  condensed  version  of  the  second  German 
edition  (of  1855)  of  my  ''Handbuch  der  Geivebelehre'' ;  but  every 
material  addition  that  has  been  made  to  Human  Microscopical 
Anatomy,  up  to  the  present  date,  will  be  found  incorporated  in 
it.  The  book  is,  therefore,  brought  well  up  to  the  third  German 
edition,  that  of  1859. 

It  has  been  my  aim  to  adapt  this  Manual  alike  to  the  require- 
ments of  the  Medical  Practitioner  and  of  the  Student :  I  trust, 
however,  that  the  professed  Histologist  will  not  miss  from  it 
any  essential  matter,  although  of  course  the  book  is  not  intended 
to  supersede  the  study  of  memoirs  on  special  subjects.  Although 
England  may  boast  of  many  labourers  of  the  highest  distinction 
in  the  province  of  Microscopical  Anatomy,  and  although  this 
subject,  among  others,  is  treated  in  a  most  masterly  way  in 
several  important  English  works  —  I  need  but  to  instance  the 
Anatomy  of  Quain  and  Sharpey,  and  the  Physiological  Anatomy 
of  Todd  and  Bowman  —  still  there  is  as  yet  no  work  in  English 
scientific  literature  devoted  wholly  and  exclusively  to  the  detailed 
treatment  of  the  Textural  Anatomy  of  Man,  as  at  present  known. 
Considering,  therefore,  the  great  and  acknowledged  importance 
of  this  study  in  relation  to  Practical  Medicine  and  Physiology, 
I  venture  to  hope  that  my  book  may  meet  with  a  favourable 
reception  and  a  friendly  criticism.     Should  this  be  the  case, 
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and  should  this  publication  succeed  in  rendering  any  service  to 
scientific  literature  in  England,  it  will  be  a  peculiar  gratification 
to  me,  to  feel  that  I  have  repaid  in  some  measure  the  obligations 
which  I  owe  to  that  country,  in  which  I  have  found  so  many 
sincere  friends,  and  have  gathered  so  much  valuable  instruction. 

In  conclusion,  I  cannot  refrain  from  recording  my  grateful 
obligations  to  Messrs.  J.  W.  Parker  and  Son,  who  have  not 
hesitated  to  incur  the  additional  expense  of  engraving  anew  all 
the  woodcuts  from  my  original  drawings,  and  have,  in  every  other 
respect,  advanced  the  interests  of  my  work. 

A.  KÖLLIKER. 


WÜRZBURG,  April,  i860. 
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INTRODUCTION. 

§  I.  The  doctrine  of  the  elementary  structure  of  plants  and 
animals  is  tlie  fruit  of  the  last  two  centuries,  and  commences  with 
Mciirellus  MalpigJii  (1628 — 1694),  and  Anton  va7i  Leeuivenlioek 
(1632 — 1723)^  at  the  period  when,  for  the  first  time^  high  magni- 
fying glasses^  although  still  in  a  simple  form,  were  put  into  the 

1  hands  of  investigators.  The  ancients  and  the  observers  of  the 
middle  ages  knew  nothing  of  the  ultimate  structural  consti- 
tuents of  organism ;  for,  although  Aristotle  and  Gale?i  speak  of 
similar  and  dissimilar  parts  {partes  similares  et  dissimilares)  and 
Fallopia  defines,  still  more  accurately  the  idea  of  "  tissues/'  and  even 
attempts  a  classification  of  them  [Tractatus  quinque  de  partihus 
similarihus  in  Oper.  Tom.  ii.  Francof,  1600),  still  the  intimate 
conditions  remained  entirely  concealed  from  these  observers.  Noav, 
however  brilliant  the  first  steps  of  the  young  science  were  in  the 
hands  of  the  above-mentioned  philosophers,  and  of  Ruysch,  Swam- 
merdam  and  others,  yet  these  men  were  not  able  to  furnish  it  with 
a  secure  position,  seeing  that,  on  the  one  hand,  investigators  were 
still  far  too  little  acquainted  with  microscopical  research,  to  be 
able  to  strive  after  the  proper  goal,  and,  on  the  other,  were  too 
much  occupied  with  the  cultivation  of  other  branches,  such  as  ordi- 

I    nary  anatomy,  physiology,  embryology,  and  comparative  anatomy. 

!  Thus  it  happened,  that  some  isolated,  and  in  part  important,  phe- 
nomena excepted,  Histology  made  no  material  progress  in  the 
whole  eighteenth  century,  and  did  not  extend  beyond  an  uncon- 
nected collection  of  individual  observations  (see  Fontana,  Muys, 
Lieberkühn,  Heicson,  Prochaska).  It  was  first  in  1801,  that  it  was 
destined  to  take  up  its  proper  position  among  the  anatomical  sciences 
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for  any  great  discoveries,  but  who  bettei  tna  .^^^ 
aeMo'od  how  to  an-ange  ^^^^^'^^^t^,  for  itself 
relation  with  physiology  awl  ™ed.eme  so  tha^  q^^,^  ^^^^^^^^^.^ 
independence  in  all  future  ume.  ^^'^  ^.^  Histology, 
G.'„'rafe  (Paris.  1801),  is  the  first  oent  he  w  ^^^^^^^ 
Li  on  this  account  fonns  an  n-eb  ^  ^  ^J^^^^'^^.^.^ee,  that 
besides,  attained  great  ^«>P°'-*^r^^.^/^Xecl  and  treated  of  most 
in  it  the  tissues  are  not  only  cleaily  <  ^n  ^^^^  ^^^^ 

Mly  and  loS^^l^  a  -^^^^  morhid 
discussed  in  detail  m  tlieir  p  y     J  ^^re  superadded,  m 

conditions.  To  this  great  ^-^^^^^J^^'^,  external  aids,  the 
this  century,  the  investigation  of  nature, 

microscope,  and  a  steadily  S--"^|^^  ^  has,  within  the  last  fifty 
so  that  it  is  not  snrptismg  that  H^^t^J^'-y^^  fi^.t  century 

years,  left  far  behind  all  >,ore  particularly, 

and  ahalf  of  its  e-f Jj™  J  ,,^,,pia  succession,  that  it  may 
discoveries  followed  each  o*<;^;^  j;  ^  ^he  same  time,  came  in 
be  regarded  as  truly  fo^^'^!  ^  anatomy  escaped  the 

such  connection  together  t"at    "^^^^^^^^  it  was,  namely, 

aanger  of  losing  itself  «  «^^J-  ^  ^  ,„^^,1  organisms  are  all 
by  C.r/.ScM«an«  in  i8  S^bew   ^^^^^^^.^  morphological 

originally  composed  ^^  ^^^^^^  the  leading  thought  was 

structure  anses  from  these  elen.e     ,  and  also 

promulgated  -l''^\r?  «ertions.    If  Sic/.«*  founded 

J,roved  itself  apphcab  e  and  consistent  work- 

Histology  more  theoretically  by  the  la^  n  ^^^^.^^^ 

i.g  out  of  a  syst^n  ^^^^^^ZLm  the  second  laurel  in  this 
ituponfacts,andtheieby«onto  ^^^^^ 

field.    That  which  J^^^  /"^^.^^.t  importance  to  physiology 

own  time,  has  been  mdeed  of  tbe  ^  .^^  ^  ^^^^^^  A, 

and  medicine;  and  m  fact,  oth  „  ,l,ortly 

point  of  view,  m  so  far  J^^e  cells,  the  significa- 

discussed  by  SrM.ann,  such  -  ^«  "^^^  tissues,  the 

tion  of  the  ceU-nucleus  th  developm  ^^^^^^^^^  ^  ^ 

chemical  condition  of  then  ,  etc   h  ^^^1 

all  these  discoveries  -^^  --\f^J^^,  ..tending  to  be  a  prophet, 

extent  into  a  new  epoch         ^        J  ^j^^  ^„„aition  of  Histology 
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However,  should  it  ever  be  possible  to  discover  even  tlie  molecules 
which  form  the  cell  membrane^  the  muscular  fibrillas^  the  axial 
fibres  of  the  nerve,  etc.,  and  to  fathom  the  laws  of  their  opposition 
and  alteration  during  the  origin,  growth,  and  functional  activity 
of  the  elementary  parts,  as  they  are  now  called,  a  new  era  in  His- 
tology would  commence,  and  the  discoverer  of  the  law  of  cell- 
origin,  or  of  a  molecular  theory,  would  be  as  much,  or  still  more, 
extolled  than  the  founder  of  the  doctrine  of  the  cellular  com- 
position of  all  animal  tissues. 

§  2.  Were  we  to  characterise  the  presejit  position  of  Histology 
and  its  object  somewhat  more  minutely,  we  must  not  forget  that 
that  object  is,  properly  speaking,  only  to  study  one  of  the  three 
aspects  which  present  themselves  in  the  elementary  parts  of  the 
body,  as  in  the  organs,  namely  the  form.  Only  to  take  cogiiizance 
of  the  microcospic  forms,  and  to  investigate  the  laws  of  their  structure 
and  formation,  is  that  upon  which  microscopical  anatomy  proceeds ; 
but  not  to  be  a  doctrine  of  the  elementary  parts  in  general.  Ac- 
cordingly, the  chemical  composition  and  functions  come,  properly 
speaking,  into  question  only  in  so  far  as  is  requisite  in  discovering 
their  relation  to  the  origin  of  the  forms  and  their  diversity. 
Everything  else  met  with  in  histology,  concerning  the  functions  of 
the  fully  developed  elements  of  their  chemical  conditions,  is  either 
taken  in  from  practical  considerations,  or  is  only  taken  as  closely 
allied,  so  long  as  physiology  does  not  assign  a  proper  place  to  the 
functions  of  the  elementary  parts. 

If  we  wish  to  raise  Histology  to  the  rank  of  a  science,  our  first 
task  consists  in  obtaining  for  it  a  broad  and  sure  objective  basis. 
To  this  end,  the  intimate  morphological  conditions  of  the  animal 
organisms  are  to  be  explored  in  every  phase,  and,  indeed,  not 
only  in  adult  animals,  but  also  in  all  earlier  periods,  from  the 
first  development  onwards.  When  the  morphological  elements 
are  fully  known,  we  have  then  to  investigate  the  laws  according 
to  which  they  have  arisen,  grown,  and  ultimately  arrived  at 
their  permanent  form;  during  which  their  chemical  conditions 
and  functions  cannot  but  be  taken  notice  of.  In  order  to  find  out 
these  laws,  the  accidental  and  non-essential  will,  as  in  empirical 
sciences  in  general,  by  continued  observation  be  separated  more 
and  more  from  the  always  present  and  essential,  until  at  last  a 
series  of  general  empirical  propositions  results,  for  which,  then, 
mathematical  expressions  or  formulse  will  be  deducible,  and  thus 
the  laws  found  out. 
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If  it  be  asked  how  Histology  responds  to  these  desiderata,  and 
what  prospects  it  has  for  the  immediate  futare,  the  answer  is  by 
no  means  satisfactory.     Not  only  does  it  not  possess  a  single 
Icm,  but  even  the  material  from  which  laws  are  to  be  deduced  is 
still  relatively  so  scanty,  that  not  even  a  large  number  of  general 
propositions  appear  to  be  secured.  Not  to  speak  of  a  complete  know- 
ledge of  the  intimate  composition  of  animals  in  general,  we  do  not 
know  thoroughly  the  structure  of  any  creature,  man  not  excepted, 
although  he  has  so  often  been  the  subject  of  investigation,  and, 
accordingly,  it  has  not  yet  been  possible  to  bring  science  essentially 
nearer  to  its  aim.    It  would,  however,  be  improper  to  overlook 
and  depreciate  what  we  possess ;  and  it  may  be  affirmed,  that  a 
rich  treasury  of  facts,  and  even  some  valuable  general  propositions 
have  already  been  won.    To  indicate  only  the  most  important  of 
the  former,  it  may  be  mentioned,  that  we  possess  a  very  satisfactory 
knowledge  of  the  fully  developed  elementary  parts  of  the  higher 
animals,  and  with  the  exception  perhaps  of  the  elastic  tissue,  the 
tissue  of  the  bones,  and  of  the  elements  of  the  teeth,  are  sufficiently 
informed  of  the  progress  of  their  development  also.    The  mode  m 
which  they  unite  to  form  organs  has  been  less  investigated;  yet  even 
in  this  particular  much  has  been  done  of  late,  especially  in  man, 
whose  individual  organs,  with  the  exception  of  the  nervous  system, 
the  higher  organs  of  the  senses  and  some  glands  (liver,  and  vascular 
glands)  have  nearly  been  thoroughly  investigated.  If  the  domgs  in 
this  department  follow  each  other  in  the  same  way  as  heretofore,  the 
human  structure  will,  in  a  few  years,  be  so  well  known,  that  with 
the  aids  at  our  command  at  present,  nothing  essential,  except,  per- 
haps, in  the  nervous  system,  will  remain  to  be  done.    It  is  different 
with  Comparative  Histology,  which  has  scarcely  been  commenced, 
and  which,  from  the  mass  of  material,  will  require  not  years  but 
tens  of  years  for  its  mastery.     Whoever  ivoidd  perform  something 
useful  in  this  department,  must  provide  himself  tvith  a  survey  of  all 
divisions  of  animals  by  monographs  of  typical  forms,  embracing  their 
total  structure  from  the  first  development  oinvards,  and  then  en- 
deavour to  develop  the  laws  in  the  manner  above  mentioned. 

With  regard  to  the  general  propositions  of  Histology,  the  science 
has  not  advanced  materially  since  Schivann's  time.  Nevertheless, 
much  has  been  gained,  inasmuch  as  SchivamiS  doctrines  are  now 
established  in  their  main  features.  The  assertion,  that  all  the 
higher  animals  at  one  period  consist  solely  of  cells,  and  that  their 
higher  elementary  parts  are  developed  from  these,  stands  fast, 
although  it  is  not  to  be  understood  as  if  cells  or  their  derivatives 
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were  the  only  possible  or  existing  elements  of  animals.  Schwann's 
ideas  also  of  tlie  origin  of  cells^  although  considerably  modified 
and  extended,  have  not  been  essentially  altered,  the  cell-nucleus 
being  always  present  as  the  principal  agent  of  cell-formation 
and  multiplication.  We  have  advanced  least  with  reference  to  the 
laws  which  prevail  during  the  origin  of  the  cells  and  higher  ele- 
ments, and  our  knowledge  of  the  elementary  processes  during  the 
formation  of  the  organ  must  likewise  be  designated  as  being  still 
very  defective.  Yet  the  proper  path  for  clearing  up  these  points  has 
been  taken ;  and  a  consistent  investigation  of  the  chemical  con- 
ditions of  the  elementary  parts  and  of  their  molecular  forces,  as 
it  has  been  conducted  by  Donders,  Dubois,  Ludwig,  and  others, 
together  vv^ith  a  more  and  more  searching  microscopical  analysis  of 
them  which  has  been  so  useful  in  the  nervous  system  and  muscular 
fibres,  and  a  histological  treatment  of  embryology  which  has  been  at- 
tempted by  Reichert,  Vogt,  myself  and  Remak,  will  certainly  lift 
the  veil  more  and  more,  and  lead  step  by  step  nearer  to  the  per- 
fection of  the  science,  although  that  may  never  be  quite  attainable. 

§  3.  The  aids  in  the  study  of  Histology  can  only  be  shortly 
mentioned  here.  With  regard  to  literature,  the  more  important 
monographs  will  be  found  cited  in  the  individual  sections,  and 
only  the  larger  independent  works  will  be  enumerated  here. 
ScHWANN^s  Microscopical  Investigations  on  the  Accordance  in  the 
Structure  and  Growth  of  Plants  and  Animals,  Berlin,  1839  (pub- 
lished in  English  by  the  Sydenham  Society  in  1847),  deserves  the 
first  place,  as  the  most  fitting  introduction  to  Histology.  Besides, 
we  have  to  mention  X.  Bichat,  Anatomie  Generale  (tom.  iv.  Paris, 
1801) ;  E.  H.Weber,  Handbook  of  Human  Anatomy  by  Hildebrandt 
(vol.  i.  General  Anatomj,  Brunswick,  1830)— an  excellent  work 
for  that  period,  and  even  yet  indispensably  necessary,  both  as  such 
and  as  a  mine  for  the  older  literature  ;  Bruns'  Text-book  of  General 
Human  Anatomy  (Brunswick,  1841)  — very  clear,  concise,  and 
good;  Henle,  General  Anatomy  (Leipsic,  1841),  with  a  classical 
exposition  of  our  knowledge  of  the  elementary  parts  in  1840,  nu- 
merous original  statements,  and  physiological,  pathological,  and 
historical  remarks;  G.Valentin,  article ''Tissue/'  in  Wagner's 
Handwörterbuch  der  Physiologie{YoU.  1842);  Quain  and  Sharpey's 
Anatomy  (3  vols.  London,  1845—47,  6th  edit.  Lond.  1856)— the 
histological  part  done  by  Sharpey  most  excellently j  E.B.Todd 
and  W.  Bowman,  The  Physiological  Anatomy  and  Physiology  of 
Man  (2  vols.  London,  1845— 57) —based  principally  upon  inves- 
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tigations  of  tlieir  own,  very  valuable ;  Bendz,  Haandhog  i  den 
almindelige  Anatomie  (Kiöberihavn^  1846 — 47) ^  with  numerous 
historical  reviews ;  A.  Kolliker,  Human  Microscopical  Anatomy 
or  Histology  (2nd  vol.  Special  Histology,  2  parts,  Leipsic,  1850— 
54),  with  an  exposition  of  the  intimate  structure  of  the  human 
organs  and  systems;  Geri^acu,  Hmdhook  of  Histology  {2iid  edit. 
^853— 54;  Heft.  i.  and  ii.) ;  Leydig,  Histology,  Human  and  Com- 
parative (Francfurt,  1857). 

Besides  these  authorities,  consult  the  Jahresberichte  of  Henle,  in 
CanxNstatt's  Jahresbericht,  and  those  of  Reichert  in  Mülleii's 
Archives. 

Pathological  Histology yVf\\\c\\  is  indispensably  necessary  for  any 
one  wishing  to  obtain  a  general  point  of  view  on  Normal  Histo- 
logy, has  hut  few  comprehensive  works  to  show.  I  may  mention 
J.  Müller,  On  the  Intimate  Structure  afid  the  Forms  of  Iforbid 
Tumours  (Berlin,  1838);  J.  Vogel,  Icones  Histologiae  Fathologicae 
(Lips.  1842);  GÜNSBÜRG,  Pathological  Histology  (2  vols.  Leipsic, 
^845— 48)  ;  Lebert,  Physiologie  Pathologique  (2  vols.  Paris^  1845)  ; 
J.  Wedl,  Outlines  of  Pathological  Histology  (Vienna,  1853). 
sides  these,  the  Treatises  of  R.  Virchoio,  who  of  all  living  patholo- 
gical anatomists  has  made  the  best  observations,  in  his  Aixhives, 
and  in  the  Wurzburg  Proceedings,  are  of  the  greatest  importance. 

Useful  Figures  are  to  be  found  in  all  the  works  cited  above,  with 
the  exception  of  those  of  Bichat,  Weber,  and  Bruns ;  further,  the 
drawings  of  injections  in  Berres'  Anatomie  der  Mikroskopischen 
Gebilde  des  menschlichen  Körpers  (Heft,  i — 12,  Wien,  1830 — 42), 
are,  for  the  most  part,  excellent;  as  also  the  representations  of 
tissues  and  organs  in  Pi,.  Wagner's  Icones  Physiologicae  (2nd  edit.) 
contributed  by  A.  Ecker.  The  drawings  of  C.  J.  M.  Langenbeck, 
Mikroskopisch-anatomische  Abbildungen  (Lief,  i — 4,  Göttingen, 
184Ö — 51) ;  Donne,  Cours  de  Microscopic  (Paris,  1844),  with  Atlas  • 
A.  H.  Has  sale's  Microscopic  Anatomy  of  the  Human  Body 
(London,  1846— 49),  and  of  Mandl,  Anatomie  Micro  scopique  (Paris, 
1838—48),  are  indifferent :  on  the  other  hand,  those  of  Quekett, 
in  his  Catalogue  of  the  Histological  Series  in  the  Royal  College  of 
Surgeons  of  England  (London,  1850,  vol.  i.),  are  well  executed. 
Funke's  Atlas  to  Lehmann's  Physiological  Chemistry  (Leipsic, 
1852),  is  also  very  good. 

With  regard  to  Microscopes,  I  am  of  opinion,  that  of  the  more 
readily  accessible  on  the  continent,  those  of  Oberhäuser  and 
Nachet  rank  highest.  In  Germany,  P/öss^,  Schiek,  2.\\d  Kellner ; 
in  Italy,  Amici ;  and  in  England,  Ross,  Powell,  Smith  and  Beck, 
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PilUsher  and  others,  manufacture  excellent  instruments.  Small, 
cheap,  but  excellent  microscopes,  for  students  and  physicians,  at 
115  to  150  francs,  are  best  made  by  George  Oberhäuser  (19,  E.ue 
Dauphine,  Paris);  and  by  Nachet  (16,  Rue  Serpente,  Paris). 

For  instruction  in  the  Use  of  the  Microscope,  I  may  mention 
H.  VON  Mohlis  Mikrographie  (Tübingen,  1846)  ;  Harting,  Het 
Mikroscoop  deszelfs  gebruik,  geschiedenis  en  tengenwoordige  toestand 
(Utrecht,  1848—50);  in  which  works,  as  well  as  in  Quekett's 
Practical  Treatise  on  the  Use  of  the  Microscope  (London  1 848) ; 
Carpenter's  Microscope  and  its  Revelations  (London,  1857); 
Beale's  Hoio  to  work  with  the  Microscope  (London,  1857)  ;  and 
Robin's  Du  Microscope  et  des  Injections  dans  leurs  Applications  ä 
VAnatomie  et  ä  la  Pathologie  (Paris,  1848),  the  preparation  of 
microscox3ic  objects  is,  in  part,  discussed  in  detail. 

A  Collection  of  Microscopic  Preparations,  especially  of  sections  of 
bones  and  teeth,  and  of  injections,  is  very  serviceable  for  a  minute 
study  of  Histology.  Every  one  may  with  little  trouble  make 
one  for  himself  on  a  small  scale;  for  which  purpose,  directions 
will  be  found  in  the  paragraphs  at  the  end  of  each  section  of  the 
Special  Part,  as  also  in  the  works  cited  above.  Besides,  micros- 
copical preparations  are  to  be  had  in  exchange  or  on  sale  from 
Hyrtl,  in  A^ieuna;  Dr.  Oschatz,  in  Berlin;  at  the  Microscopic 
Institute  in  Wabern,  near  Bern;  or  Schäffer  and  Co.,  in  Magde- 
burg ;  from  Topping,  Smith  and  Beck,  Norman,  and  others,  in  Lon- 
don  ;  and  Bourgoigne  and  Poteau,  in  Paris.  The  largest  private  and 
public  collections  of  microscopical  preparations  are  those  of  Hijrtl 
in  Vienna  (injections)  ;  of  Harting  and  Schröder  v.  d.  Kolk  in 
Utrecht  (injections,  sections  of  bone,  muscles,  nerves) ;  in  Lon- 
don, the  chief  are  those  of  the  College  of  Surgeons  (animal  and 
vegetable  tissues  of  all  kinds),  Tomes  (^sections  of  teeth  and  bones), 
and  Carpenter  (hard  structures  of  the  lower  animals).  Thiersch 
and  Gerlach,  especially,  in  Erlangen,  also  possess  numerous  and 
good  injections. 


GENERAL  HISTOLOGY. 


I.— OF  THE  ELEIMEXTARY  PARTS. 

§  4.  If  the  solid  and  fluid  constituents  of  tlie  linman  bodv  are 
examined  with  tlie  aid  of  mag-nifving  powers,,  it  is  seen  tliat 
tlie  smallest  elements  of  them  visible  to  the  naked  eve,  such  as 
granules,  fibres,  tubes,  membranes,  are  not  the  ultimate,  morpho- 
logical constituents,  but  that  all  contain,  besides  a  generallv  distri- 
buted, perfectly  fluid  or  pulpy,  or  even  solid,  homogeneous  con- 
necting  substance,  other  small  particles  which  are  different  in  differ- 
ent organs  and  similar  in  similar  ones.  These  thyntntarii  parts,  as 
they  are  called,  are  of  maniibld  kinds,  some  more  simple,  others 
cennpuund.  The  most  simple  are  pojeethi  homoaeneous,  without 
indicating  a  trace  of  being  composed  of  heterogeneous  particles, 
and  are  closely  allied  to  the  inorganic  forms,  the  crystaUine  granules 
and  crystals,  which  likewise  occur  in  animal  organisms.  Others 
present  a  differentiation,  consisting,  as  they  do,  of  an  envelope  and 
special  yet  homogeneous  contents  ;  others,  lastly,  are  still  foither 
differentiated  even  in  the  contents.  The  most  important  of  all 
these  forms  which  can  be  included  in  the  category  of  simpk  tl:- 
ineiitarii  parts,  are  the  cells,  which  are  not  only  the  starting  point 
of  every  vegetable  and  animal  organism,  but,  also,  either  as  cells 
or  after  undergoing  divers  metamorphoses,  make  up  the  complete 
animal  body,  and,  in  the  most  simple  vegetable  and  animal  forma- 
tions (unicelliüar  plants  and  animals^,  even  possess  indi\iduahty. 
Compared  with  the  cells,  all  the  other  simj^le  elementary  parts 
possess  quite  a  subordinate  importance,  as  far  as  their  dii'ect  parti- 
cipation in  the  formation  of  the  tissues  and  organs  is  concerned: 
on  the  other  hand,  they  are  undoubtedly  of  great  moment  in  so 
far  as  tbey  are  almost  all  met  with  in  the  interior  of  the  cells  and 
participate  in  their  ^iral  processes  in  a  manifold,  and,  in  part,  very 
sigmificant  manner. 

Of  the  simple  elementary  parts  which  at  first  alone  constitute 
the  evoMug  animal  or  plant,  many  unite  in  the  coiu'se  of  develop- 
ment, in  such  a  manner  that  they  lose  their  independence,  and 
cease  to  exist  as  isolated  elements.  There  thus  ai'ise  compound 
forms,  each  of  which  corresponds  genetically  to  one  entii-e  series  of 
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simple  ones,  and  Avhich  are  most  fitly  designated  higher  elementary 
parts.  Such  a  coalescence  has,  hitherto,  been  observed  only  in 
cells  with  certainty,  and  many  of  the  tubular  and  fibrous  ele- 
ments of  the  body  proceed  from  it. 

§  5.  Fluid  and  solid  intermediate  Sub sta7ices.— Whilst  in  plants 
the  elementary  parts,  in  most  cases,  are  directly  united  with 
each  other,  a  special  fluid,  pulpy,  or  solid  intermediate  sub- 
stance is  very  widely  distributed  in  animals,  which  is  often  sub- 
servient to  quite  specific  purposes,  as  the  blood  and  the  juices  of 
glands,  and  is  always  ultimately  derived  from  the  blood,  and 
more  closely  or  more  remotely  related  to  it.  When  such 
an  intermediate  substance  participates  in  the  formation  of  the 
elementary  parts,  it  may  be  called  formative  fluid,  cytoblastema, 
Schleiden  (from  /cvto^  vesicle,  and  ß\aaTrj[Jüa  germinal  material),  if 
it  be  present  for  the  maintenance  of  them,  it  is  denominated  7iutri- 
tive  fluid;  when,  lastly,  it  has  nothing  to  do  either  with  the  one  or 
the  other,  it  is  designated  fundamental  or  connective  substance. 
The  cytoblastema  is  usually  perfectly  fluid,  as  in  the  blood,  chyle, 
many  juices  and  glands,  the  contents  of  glandular  follicles,  and  in 
many  embryonic  organs;  more  rarely  mucoid  and  viscid,  as  in  the 
gelatinous  areolar  tissues  of  embryos  (see  infra).  The  nutritive 
fluid  occupies,  in  fully  developed  organs,  the  place  of  the  formative 
fluid ;  and,  except  where  it  is  contained  in  special  canals  and  spaces, 
as  in  bones,  teeth,  and  in  many  organs  composed  of  connective 
tissue,  is  present  in  such  a  small  quantity  that  it  cannot  be  directly 
observed.  A  fundamental  substance,  lastly,  occurs  in  the  cartilages, 
and  in  the  bones  forming  from  these,  also  in  the  teeth,  as  a 
firm,  or  even  bony,  hard,  homogeneous,  granular,  or  even  fibrous, 
connective  mass  of  cellular  elements,  which  arises  partly  as  a  secre- 
tion of  the  latter,  partly  from  the  blood  independently  of  them. 

The  occurrence  of  a  solid,  fundamental  substance,  directly  deposited  from 
the  blood,  shows  that  all  the  sohd  parts  of  the  body  are  not,  without  excep- 
tion, formed  from  cells  or  in  dependence  upon  them,  as  Schwann  was  disposed 
to  assume.  It  is  likewise  certain,  that  in  pathological  formations  such  masses 
occur  very  extensively,  the  fibrinous  exudations,  especially,  being  capable  of 
becoming  transformed  into  permanent  parts  or  tissues,  without  preliminary 
organisation,  i.e.  formation  of  cells. 

A.— SIMPLE  ELEMENTARY  PARTS. 
I.— Crystals,  Granules,  Filaments,  Vesicles,  Nuclei. 
§  6.  When  the  simple  elementary  parts  are  compared  with  one 
another,  there  results  an  entire  series  of  forms.   The  most  simple  of 
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all  present  themselves  in  a  form  wliich  is  also  met  with  in  inor- 
ganic uatm^e,  namely^  as  crystals  and  crtjstalUne  (jranules-,  yet^  in 
man  at  leasts  such  forms  are  very  rare  as  normal  histological 
parts  (otolithes^  calcareous  particles  in  ossifying-  cartilages), 
while  in  animals,  particularly  in  the  invertebrate  (siliceous  and 
calcareous  bodies  of  sponges,  polypi,  mollusca,  etc.,  calcareous 
crystals  on  the  brain  and  nerves  of  the  batrachia),  and  in  patho- 
logical formations  (crystals  of  hsematine,  bilifulvine,  cholestea- 
rine,  calcareous  concretions  in  joints),  they  are  frequent  pheno- 
mena. On  the  other  hand,  amorphous  bodies,  consisting  of  organic 
substances,  are  yery  common ;  that  is  to  say,  in  almost  all  animal 
fluids,  whether  contained  in  canals  or  inclosed  in  cells,  as  also  in 
many  firm  tissues,  there  are  found  in  various,  even  in  enormous 
numbers,  roundish  granules,  mostly  of  very  small,  scarcely  mea- 
surable size.  Henle  has  called  them  elementary  granules,  and  ex- 
pressed the  supposition  that  they  are  vesicles.  This,  however,  is 
not  everywhere  the  case,  inasmuch  as  it  can  be  demonstrated  that 
many  of  these  corpuscles  possess  no  envelope.  To  this  category 
belong  the  fat  drops  which  occur  in  many  cells,  and  in  numerous 
secretions  of  glands,  the  pigment  granules  of  the  black  pigment  of 
the  eye,  and  of  other  coloured  cells,  the  yelk  granules  of  batra- 
chian  and  plagiostomian  ova,  and  the  proteine  granules  found 
in  most  cells  and  juices  of  glands,  as  also  in  certain  parts  of  the 
gray  substance  of  the  central  nervous  system.  Of  the  patho- 
logical, yet  very  frequent  formations,  the  granules  of  the  co- 
louring matter  of  the  bile  in  the  hepatic  cells,  the  pathological 
granular  pigment  and  the  deposits  of  fat  granules,  as  also 
the  colloid- granules  in  the  thyroid  and  other  parts,  and  the  cor- 
piiscida  amylacea  of  the  central  nervous  system,  are  also  to  be 
classified  here,  although  they  occasionally  assume  a  very  consider- 
able size.  All  these  granules  are  destitute  of  the  phenomena 
which  are  observed  in  the  higher  elementary  parts,  as  of  growth 
from  within  outwards,  of  multiplication,  of  taking  up  and  gimig 
ofP  material,  and  are,  in  so  far,  still  very  closely  allied  to  the 
purely  inorganic  forms.  Closely  related  to  these  formations  are  the 
elementary  fibres,  isolated  finer  or  coarser  fibres,  which  are  deve- 
loped without  the  co-operation  of  nuclei  or  cells  by  the  differentia- 
tion of  a  homogeneous  substance.  Such  fibres  are  met  with  in  the 
matrix  of  many  true  cartilages,  as  also  in  many  reticulated  carti- 
lages, and  in  many  pathological  formations,  and  may  even  present 
a  growth  in  thickness  by  apposition,  as  in  reticular  cartilages. 
Elementary  Vesicles  are  likewise  very  frequent,  and  most  of 
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them  are  physiologically  related  to  the  elementary  granules  in  so 
far  as  that  when  once  formed  they  do  not  enlarge^  and  as  they 
multiply  neither  by  divisions  nor  by  endogenous  formations.  The 
milk-glohules  which,  as  Henle  first  asserted,  consist  of  the  fats 
of  the  milkj  and  of  an  envelope  of  caseine^  may  with  tolerable 
certainty  be  arranged  under  this  diyision.  The  immeasurably 
small  molecules^  also,  of  the  chyle  and  blood,  are^  according  to 
H.  Müller  s  inyestigation^  fat  globules  with  a  proteine  envelope^  and 
similar  yesicles  may  also  occur  in  most  other  fatty  and  albuminous 
fluids.  That  is  to  say^  since  the  discovery  of  Asclierson  (Muller's 
Archiv.  1840,  p.  49);  that  wheneyer  fluid  fat  and  fluid  albumen  are 
shaken  together^  all  the  fat-di'ops  formed  become  surrounded  with 
a  delicate  envelope  of  albumen^  it  is  more  than  probable  that 
whereyer  in  the  body  fat  and  albumen  come  in  contact  in  a  fluid 
condition^  similar  vesicles  are  formed. 

The  elements  occurring  in  the  yelk  of  certain  animals  form  a 
peculiar  group  of  elementary  yesicles.  They  are  best  known 
in  the  yelk  of  the  fowl^  in  which  the  globules  of  the  proper 
yelk-substance  and  of  the  yitelline  cavity^  are^  as  Schicann  dis- 
coyered^  all  yesicles^  although  they  haye  not  the  importance  of  cells. 
The  membranes  of  these  yelk-vesicles  are  exceedingly  delicate^  and 
consist  of  a  proteine  compound ;  the  contents  are  fluid  albumen  in 
which,  in  the  globules  of  the  yitelline  cavity,  there  usually  lies  a 
large  parietal^  in  the  others_,  numerous  larger  and  smaller  fat-drops. 
The  development  of  these  vesicles  probably  proceeds  from  the  fat- 
dropSj  as  in  other  elementary  vesicles^  from  which,  however,  they 
are  distinguished  by  their  possessing  a  very  distinct  growth^  and 
midergoing  metamorphoses  in  their  contents,,  seeing  thatj  in  many^ 
the  number  of  the  fat-drops  increases  more  and  more  with  age. 
Similar  yesicles  can  also  be  demonstrated  in  the  yelk  of  fishes, 
crustaceous  animals  and  spiders,  and^  as  in  birds^  have  only  a 
transitory  importance^  inasmuch  as  they  are  not  employed  directly 
in  tlie  formation  of  the  body  of  the  embryo^  but  only  serve  as 
nourislmient  for  it.  Lastlyj/V^e  nuclei  are  met  with  in  some  places, 
as  in  the  wall  of  the  vesicles  of  the  thymus,  and  in  the  rust- 
coloured  lamina  of  the  cerebellum. 

"With  regard  to  the  mode  of  the  formation  of  Aschersoli's  vesicles,"  as  they 
are  called,  Wittieh  has  qaite  recently  furnished  some  information.  According 
to  Wittieh,  whenever  oil  and  albumen  come  in  contact,  a  part  of  the  fat  is 
saponified  by  the  alkali  combined  with  the  albumen  ;  by  these  means,  the 
layer  of  albumen  lying  next  to  the  oil  (because  poorer  in  alkali),  is  rendered 
insoluble^  and  precipitated  as  Äscherson's  "Haptogen  ^lembrane,"  as  it  is  called. 
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Fig.  1. 


According  to  this,  the  process  would  be  a  purely  chemical  and  not  a  physical, 
and  still  fess  a  specifically  vital  one.  In  opposition  to  this,  however,  Harting 
(Med  Lane  Sept.1851)  recently  observed  a  formation  of  pseudo-ceU  from 
albumen  on  shaking  it  with  quicksilver,  in  which  case  the  albumen  certamly 
became  soUd  in  exactly  the  same  manner  as  on  merely  shakmg  it  with  water 
or  other  fluid  {Melsens,  Bull.  d.  1'  Ac.  d.  Belg.,  1850-  Harting,  1.  c).  Besides, 
it  will  scarcely  be  necessary  to  assume  the  presence  of  chemical  influence, 
when,  by  mixing  together  albumen  and  chloroform,  you  produce  albumen- 
membrane  ;  by  mixing  caseine  of  serum  and  fat,  caseine-membrane ;  and  by 
mixing  chondrine  and  chloroform,  chondrine-membrane,  as  has  been  observed 
by  Panum  (see  Arch.f.path.Anat.iv.  2). 

2. — Of  the  Cells. 
§  7.  The  Cells  [cellulce)  ,b\.^o  called  elementary  cells  or  nuclear  cells, 
are  completely  closed  vesicles,  0-005  —  o'c i  (-^^0  —  liö)  of  ^  ^^^^^ 

average  size,  in  which  a  special  envelope, 
the  cell-memhrane,  and  contents  are  to  be 
distinguished.  The  latter  always  consist 
of  fluid  and  of  formed  particles  of  this  or 
of  that  kind,  and  of  a  special  roundish 
body,  the  cell-nucleus,  which  again  con- 
tains fluid  and  a  still  smaller  corpuscle, 
the  nucleolus,  in  its  interior.  These  cells, 
which  are  to  be  considered  as  being  en- 
dowed with  special  vital  powers,  and  ca- 
pable of  taking  up  and  consuming  matter, 
of  the  as  well  as  of  growth  and  of  multiplication, 

 ■■^"■^^  not  only  solely  constitute  the  body  of  the 

higher  and  of  most  of  the  lower  animals  in  the  first  periods  of  life, 
but  also  almost  solely  produce  the  higher  elementary  parts  of  the 
fully  formed  body.  Nay,  even  in  fully  grown  animals,  the  elements 
are  met  with  in  very  many  places  in  the  simple  condition  of  cells ; 
and,  as  such,  participate  more  or  less,  often  quite  decisively,  in  the 
organic  functions. 

§  8.  A  closer  inspection  of  the  condition  of  the  cells  shows 
the  following.  Their  fundamental  form  is  that  of  a  sphere  or  lens, 
which  belongs  to  all  cells  in  their  first  period  of  life,  to  many,  as 
especially  those  situated  in  fluids  (blood  corpuscles  and  others), 
constantly.  The  following  forms  appear  more  rarely :  i.  The 
polygonal  (pavement  epithehal  cells).  2.  The  conical  or  pyramidal- 
shaped  (ciliated  epithelium).  3.  The  cylindrical  (cylindrical  epi- 
thelium). 4.  The  fusiform  (contractile  fibre-cells).  5.  The 
squamous  (epidermic  plates).    6.  The  stellate  (nerve-cells>  The 


Cells  of  the  epitlielium  _ 
mouth  cavity,    b.  With  one,  c.  v/ith 
two  nuclei.— Macnified  380  times 
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size  of  the  cells  descends  on  the  one  hand,  as  in  many  ceils,  the 
blood-cells,  etc.,  to  0  002  —  0-003  of  aline,  and  attains  on  the  other, 
as  in  the  cysts  of  the  semen  and  the  ganglionic  globules,  the  size  of 
0-02  —  0-04  of  a  line.  The  largest  animal -cells  are  certain  gland- 
cells  of  insects,  which,  according  to  H.  Meckel,  measure  up  to  O'l 
of  a  line;  the  yelk- cells  or  ova,  especially  of  birds  and  amphibia, 
and  some  animals  consisting  of  a  single  cell  which,  like  certain 
gregarinse,  attain  07  of  a  line. 

The  membrane  of  cells  is  mostly  very  delicate,  smooth,  scarcely 
capable  of  being  isolated,  and  bounded  by  simple  outlines ;  more 
rarely  of  considerable  firmness  and  measurable  thickness.  In 
some  places  where  it  is  thicker  it  distinctly  presents  pores ;  and  it  is 
very  possible  that  such  pores  are  a  very  widely  distributed  pbe- 
nomenon.  In  the  interior  of  cells,  there  are  constantly  found,  at  a 
certain  period,  one  or  several  nuclei,  besides  fluid  and  granules  in 
varying  proportions  and  of  different  natures.  Cells  which  only  con- 
tain fluid  are  rare  (fat-cells,  blood-cells,  cells  of  the  chorda) ,  and  it  is 
colourless  or  reddish  ;  the  majority  contain,  besides,  other  corpuscles 
(elementary  granules,  elementary  vesicles,  perhaps  also  crystals) 
in  greater  or  less  numbers;  young  cells,  as  a  rule,  contain  few 
granules,  while  older  ones  have  many,  which  are  very  often  more 
densely  grouped  around  the  nucleus,  or  only  occupy  a  single  place 
(coloured  ganglionic  globules) . 

The  cheirdcal  composition  of  cells  is  still  very  obscure.  The 
contents  possess,  in  the  majority  of  cells,  certain  universally  dis- 
tributed materials,  which  occur  dissolved  in  the  nutritive  fluid  or 
in  the  cyto-blastema,  such  as  water,  albumen,  fat,  extractive  mat- 
ters, and  salts ;  a  nitrogenous  substance,  precipitable  by  water  and 
diluted  acids,  is  very  widely  distributed.  This  substance  resembles 
mucus,  and  lenders  the  microscopical  examination  of  tissues  very 
difficult,  causing  them  to  appear  turbid  and  granular  instead  of 
clear  and  bright.  Many  cells  contain  other  compounds,  as  those 
of  the  liver,  blood,  etc.  The  cell-membranes  consist  of  a  nitro- 
genous substance,  which,  in  young  cells,  is  undoubtedly  a  proteine 
compound,  as  may  be  concluded  from  their  solubility  in  acetic  acid 
(in  part  even  without  heat),  and  in  dibited  caustic  alkalies.  Subse- 
quently, the  membrane  in  many  cells  becomes  insoluble,  but  is  far 
from  being  so  in  all  (e.  g.,  in  the  blood  corpuscles,  deepest  epidermic 
and  epithelial  cells,  and  the  cells  of  glandular  follicles),  and  occa- 
sionally approaches  in  texture  the  substance  of  the  elastic  tissue. 
The  Cell  Nucleus  is  a  spherical  or  lenticular  crystalline,  or  yellow- 
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ish  body,  measuring  on  an  average  0.002  —  0.004  of  a  line,  rarely 
attaining  0.0 1  —0.04  of  a  line,  as  in  ganglionic  globules  and  ova. 
All  nuclei  are  vesicles,  as  Schwann  supposed,  and  as  I  recognised 
as  a  general  and  original  formation  in  embryos  and  adult  animals. 
Their  envelope  is,  in  the  smaller  ones,  very  delicate,  and  appears 
as  a  simple  dark  fine  line ;  in  the  larger  it  is  thicker,  even  of 
measurable  thickness,  and  bounded  by  double  borders,  as  in  the 
nuclei  of  ganglionic  globules,  of  ova,  and  of  many  embryos.  The 
contents  of  the  nuclear  vesicles,  apart  from  the  nucleolus,  almost 
invariably  consist  of  a  clear  or  slightly  yellowish,  never  dark,  fluid, 
in  which  the  same  dark  granules  are  perceptible  hy  water  and  acetic 
acid,  as  in  the  cells-,  on  which  account,  even  the  nuclei  never  have 
their  natural  homogeneous  bright  appearance  in  the  usual  methods 
of  investigation.     More  rarely,  the  nuclei  contain  formed  con- 
tents, as  the  special  granules  in  ova,  termed  germinal  spots,  as  also 
in  the  fat-cells  of  Piscicola  {Leydig).    With  regard  to  the  che- 
mical character  of  nuclei,  we  have  only  this  much  to  say,  that 
their  membranes  are  nitrogenous,  and  in  general  do  not  differ  ma- 
terially from  the  substance  forming  the  younger  ceil-membranes ; 
still  they  dissolve  more  slowly  in  alkalies,  and  are  but  little 
attacked  by  diluted  acetic  and  mineral  acids  :  in  the  latter  charac- 
ter this  membrane  approaches  the  elastic  tissue,  from  which,  how- 
ever, it  is  very  essentially  distinguished,  by  its  ready  solubility  in 
alkalies,    ^^uclei,  according  to  my  observations,  are  found  through- 
out in  all  cells  of  embryos  and  adults  as  long  as  the  cells  are  still 
young.    Usually  there  is  met  with,  in  each  cell,  but  one  nucleus, 
except  when  it  multiplies  :  in  this  case,  two  or  more  nuclei  appear, 
according  to  the  number  of  cells  about  to  be  formed.    In  certain 
cells,  a  greater  number  of  nuclei  are  met  with ;  thus,  in  those  of 
the  semen,  4,  10,  to  20,  and  more;  as  also  in  those  of  the  epen- 
dyma  of  the  canalis  medullse  spinalis,  in  those  of  the  supra-renal 
capsules,  and  of  the  hypophysis,  in  the  hepatic  cells  of  embryos, 
those  of  the  foetal  marrow,  and  others.    That  nuclei  also  occur 
free,  and  take  part  in  the  formation  of  certain  tissues,  has  been 
already  mentioned. 

Nucleoli  are  round,  sharply  outlined,  generally  dark  bodies, 
similar  to  fat-granules,  measuring  on  an  average  o-ooio — 0-0015 
of  a  line.  Frequently  they  are  almost  immeasurably  small ;  and 
in  embryos,  in  the  germinal  vesicles  of  ova,  as  germinal  spots,  and 
in  ganglionic  globules  attain  to  0-003  — 0  01.  Probably  they  are 
everywhere  vesicles,  as  may  be  inferred  from  their  distinctly  cir- 
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cumscribed  forms,  and  their  resemblance  to  elementary  vesicles, 
as  well  as  the  circumstance  that  in  certain  cells,  particularly  in 
ova  and  ganglionic  globules,  a  larger  or  smaller  cavity,  filled 
with  a  clear  fluid,  is  developed  in  them.  The  chemical  compo- 
sition of  nucleoli  is  unknown.  Their  external  aspect,  their  resem- 
blance to  elementary  vesicles,  their  disappearance  in  caustic  alka- 
lies, and  their  insolubility  in  acetic  acid,  would  imply  that 
they  are  composed  of  fat;  the  membranes,  as  in  the  element- 
ary vesicles,  may  be  a  proteine  compoimd.  Nucleoli  occur  in 
the  great  majority  of  nuclei,  so  long  as  the  latter  are  young, 
and,  in  many,  as  long  as  they  exist;  yet  there  occur,  although 
rarehj,  nuclei  in  which  nucleoli  cannot  he  recognised  definitely, 
or  become  distinct  only  at  suhsequent  p'eriods ;  and  accordingly, 
the  nucleolus  cannot,  for  the  present,  be  so  unconditionally  re- 
garded as  an  essential  constituent  of  the  cell  as  the  nucleus. 
Usually  a  nucleus  contains  but  one  nucleolus;  frequently  there 
are  two,  seldom  three,  and  in  very  isolated  cases  four  or  five  are 
present,  which  then  either  lie  eccentrically  or  free  in  the  nucleus. 

Quite  recently,  Bonders,  in  a  very  remarkable  paper  (see  infra),  has 
asserted,  that  all  cell-membranes  consist  of  one  and  the  same,  or  at  least  of 
very  closely  allied,  substances,  which  agree  in  their  properties  with  the  sub- 
stance of  elastic  tissue.  I,  for  my  part,  am  of  opinion,  that  all  animal  cell- 
membranes  consist  originallij  of  the  same  material,  and,  indeed,  of  a  proteine 
compound;  but  that,  in  consequence  of  subsequent  metamorphoses,  differ- 
ences of  composition  and  reaction  may  arise.  Thus  many  membranes  become, 
in  the  course  of  time,  more  resistant,  and  approximate,  as  Bonders  correctly 
states,  to  elastic  tissue  ;  others  become  transformed  into  gelatiniferous  tissues, 
like  those  of  the  formative  cells  of  connective  tissue  ;  others,  again,  into  synto- 
nine,  as  in  the  smooth  muscular  fibres,  others  into  horn,  etc.,  etc.  If  vv^e  adopt 
a  proteine  compound  as  the  primitive  cell-membrane,  as  we  are  constrained  to 
do  from  the  reaction  of  young  cells  and  embryonic  parenchymas,  there 
results  an  agreement  with  vegetable  cells  ;  seeing  that  in  this  case  the  pri- 
mordial utricle  of  the  latter,  which  consists  of  a  proteine  substance,  may  be 
regarded  as  the  analogue  of  the  animal  cell-membranes ;  whilst  the  cellulose 
membrane  appears  as  a  secondary  formation,  as  a  product  of  excretion.  This 
may  be  the  case  in  the  animal  tissues  of  the  Tunicata,  which  are  composed 
of  cellulose  ;  in  which  case,  my  assertion,  that,  in  the  latter,  cell-membranes 
composed  of  cellulose  occur— and  that  of  Schacht  Arch.  1 8  5 1 ),  that 

they  are  nitrogenous— would  be  compatible.  If  the  future  justifies  this 
comparison  of  animal-cells  with  the  primordial  utricle  of  plants,  which  I 
do  not  doubt,  all  the  chemical  metamorphoses  of  the  cell-membranes  wotdd, 
very  probably,  he  owing  to  deposits  which  are  precipitated  on  their  outer  side, 
similar  to  the  cellulose  in  plants;  so  that,  besides  the  original  proteine 
membrane,  other  secondary  elastic  membranes,  or  gelatinous  envelopes, 
etc.,  would  require  to  be  distinguished.    In  this  case  we  could  say,  that  even 
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tlie  most  important  thickenings  of  the  animal-cells  take  place  on  the  ex- 
ternal side  of  the  proteine  membrane,  seeing  for  example,  that  the  origmal 
cell-membrane  is  still  to  be  met  with  within  the  ossified  cartilage-cells. 

§  9.  Formation  of  Cells.— With  regard  to  the  formation  of  cells, 
a  distinction  has  hitherto  been  made  between  the  free  origin  of 
them,  and  their  production  through  the  intervention  of  other  cell 
The  farther,  however,  investigation  is  prosecuted,  the  occurrence 
of  a  free  cell-formation  becomes  more  and  more  doubtful;  and  it 
appears  that  all  animal  cells  only  arise,  as  in  plants,  in  dependence 
upon  other  pre-existing  cells.  In  this  process  of  cell-multiplica- 
tion,  it  is  pre-existing  cells  which  either  produce  secondary  cells, 
as  they  are  called,  or  multiply  by  diyhion— endogenous  cell-forma- 
tion and  cell-formation  hy  division.  The  cell-nuclei  always  play  a 
very  essential  part  in  the  multiplication  of  cells,  and  appear  as  the 
proper  centres  of  formation  for  their  evolution. 

Whilst  Schwann,  in  animals,  in  contradistinction  to  plants,  regarded  the 
free  cell- formation  as  being  the  more  frequent-that  by  the  intervention  of 
other  cells,  more  as  the  exception— observers  are  now  coming  more  and  more 
to  the  conclusion,  that  even  in  this  respect  animals  and  plants  agree.  As  for 
me,  I  have  already  long  since  shown  {Entiu.d.  Cephal.  1844/  Ann.  d.  sc.  Nat. 
1846)  that  in  embryos  all  the  tissues  are  built  up  of  the  descendants  of  the 
cells  which  have  arisen  after  the  cleaving  of  the  yelk  ;  and  that  even  m  the 
adult,  in  the  most  widely-distributed  tissues  consisting  of  cells,  as  m  the 
cartilages  and  in  horn,  free  nuclei  nowhere  occur.  Accordingly,  I  found 
myself  constrained,  in  the  first  edition  of  my  German  Handbook  of  Histo- 
logy, to  hmit  the  free  cell-formation  very  much.  Quite  recently,  Virchow 
(in  Beit.zur.  spec.Path.u.  Therapie,  1854,  p.  3^9),  has  made  known  a  series  of 
facts,  from  the  department  of  pathological  anatomy,  which  show  that  m 
many  places  where  formerly  a  free  cell-formation  was  admitteü,  it  does  not 
occur.  If  to  these  facts  are  added,  the  new  observations  of  Virckow,  with 
regard  to  the  development  of  bones,  as  well  as  the  recent  investigations  into 
the  formation  of  the  lymph-corpuscles,  we  may  indeed  conclude,  that  a  free 
formation  of  cells  does  not  anywhere  exist. 

§  10.  Multiplication  of  Cells  hy  Division,  is  much  more  widely 


2  distributed  than  has  hitherto  been  sup- 

_     posed;  it  being  highly  probable  that 


»V  puscu. ,  r  

I        (ß\    the  entire  growth  of  the  embryonal 
;^  \J    and  fully  developed  cell-tissues,  with 

A     the  exception  of  cartilage,  is  solely 
[^1  .J     effected  by  division.    This  process  is 

^  .  pasilv  observable  in  free  cells  suspended 

Blood  globules  of  chick,  in  the  act  easily  ODSeiVdUic  111  II  i 

of  division.— Magnified  350  diameters.  fluid,  as  in  the  red  and  colouricss 
blood-cells  of  mammalia,  birds,  and  amphibia.  Here,  in  elongating 
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cells^  there  are  seen  forming,  from  the  original  simple  nucleus, 
to  all  appearance  likewise  by  division,  two ;  then  the  cells  become 
constricted  in  the  middle,  contract  more  and  more  around  the 
separated  nuclei,  and,  lastly,  break  up  into  two,  each  of  which 
contains  its  nucleus.  In  the  embryo-chick  the  blood-cells  are  to 
be  seen  in  all  conceivable  stages  of  this  process ;  so  that  ultimately 
they  are  only  connected  by  a  thin  filament ;  and  not  the  slightest 
doubt  can  prevail  concerning  the  real  occurrence  of  this  kind  of 
cell-multiplication. 

In  other  free  cells,  as  those  of  the  juices  of  glands,  the  process 
of  division  has  hitherto  been  observed  only  in  one  place  with  cer- 
tainty ;  viz.  in  the  ova  of  Mermis  albicans,  which,  according  to 
Meissner's  discovery  (Zeitschr.f.  w.  ZooI.y.),  become  detached  as 
buds  from  other  cells. 

In  compact  cell-tissues,  it  is  much  more  difficult  to  demonstrate 
the  processes  of  cell-division  v/ith  certainty.  I  assume  this  mode 
of  cell-formation  to  take  place  wherever,  on  the  one  hand,  an  in- 
crease of  cells  in  number  has  been  demonstrated,  and  where,  on 
the  other,  every  trace  of  a  free  cell-formation  or  of  endogenous 
multiplication  is  wanting ;  and,  accordingly,  in  all  embryonal  cell- 
tissues,  with  the  exception  of  cartilage,  and  in  the  adult  in  the  en- 
tire growth  of  the  horny  tissues,  and  perhaps  in  many  other  cells. 

With  regard  to  the  mode  of  cell-division  in  compact  tissues,  it 
may  be  further  remarked,  that  it  takes  place  both  in  the  longitudi- 
nal and  transverse  diameter  of  the  cells  :  in  the  former  case,  they 
grow  in  the  direction  of  the  surface ;  in  the  latter,  in  that  of  the 
thickness. 

Schwann  was  not  aware  of  cell-division.  The  first  who  saw  such  a  process 
in  the  blood- corpuscles  of  embryos,  was  Reviak;  yet  he  subsequently  re- 
tracted his  statements,  to  pronounce  himself  in  favour  of  them  again,  after 
I  had  confirmed  and  declared  them  to  be  correct.  In  pathological  forma- 
tions, this  mode  of  cell-multiplication  has  likewise  been  found  by  Günshurg 
and  Breuer  (see  Breuer,  Meletem.  circa  Evol.  ac  formas  Cioatricum.  Vratisl, 
1843,  p.  31).  I  also  refer  the  transverse  and  longitudinal  division  of  the 
protozoa  to  cell-division ;  since  these  animals  possess  the  structure  of 
simple  cells,  and  their  nucleoid  body  participates  in  exactly  the  same  way  in 
the  cleavage,  as  the  cell-nucleus  does  in  ordinary  cells.  Li  pathological 
formations,  cell-division  may  perhaps  be  more  frequently  found,  when  once 
attention  shall  have  been  directed  to  it.  In  the  vegetable  kingdom  cell- 
division  is  rare,  and  only  seen  in  the  lower  organisms. 

§  II.  The  Formation  of  Cells  i7i  others  or  the  Endogenous  Origin 
of  them  presents  various  modifications. 

a.  In  the  first  form,  which  I  call  the  endoge^ious  cell-formaiion 


Fig.-i. 
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around  portions  of  contents,  tliere  are  first  formed  in  one  cell  several 
nuclei  from  the  original  simple  nucleus;  then  the  total  contents  of 
the  cell  break  up  into  exactly  the  same  number  of  parts  as  there 
are  nuclei,  one  of  them  always  enclosing  a  nucleus;  and,  lastly, 
new  membranes,  the  secondary  cells,  form  around  these  portions  of 
contents  (Xäaeli)  or  enveloping  spheres  (fig.  3-)  To  this  category 
belong  the  processes  taking  place  during  the  development  of  the 
seminal  corpuscles  of  the  Kematoidea  (see  Reichert  mMüll  A  rch. 
1843),  and  especially  during  the  cleavage  of  the  yelk,  a  peculiar 
process,  which,  occurring  at  the  period  of  the  first  development  m 
the  ova  of  most  animals,  is  to  be  regarded  as  an  lutroductiou  to 
the  formation  of  the  primitive  cells  of  the  embryo,  and  because 
the  ovum  has  the  signification  of  a  simple  cell,  comes  under  the 
idea  of  endoo-enous  cell-formation.     After  the  primitive  nucleus 

of  the  ovular  cell,  the  germi- 
nal vesicle,  has  disappeared 
on  fecundation,  the  granules 
of  the  yelk  no  longer  form 
one  compact  heap  as  for- 
merly, but  become  scattered 
and  fill  up  the  whole  ovular 
cell.    Then  there  arises,  as 

Three  ova  of  Ascaris^ugrovenosa.    1.  From  the  second,  p     ,      •  n.i 

2  from  the  third,  and  3,  ft-om  the  fifth  stage  of  cleavas^e,  tllC  first  Sign  01  the  COm- 
vrilh  two,  four,  and  sixteen  frlobules.    a.  External  oviila  •        t        i  i.  _ 

envelope  6.  Cleavage  globules.  In  1.  the  nucleus  of  the  menClllg  development,  a  UCW 
lower  dohule,  containing  two  nucleoli.   In  2.  the  lower-  .  •  1  4-    ^-P  +1^^ 

most  g Wie,  two  nuclei!  UUClcUS  lU  thc  midst    ol  tllC 

yelk  around  a  new  nucleolus.  This  is  the  first  nucleus  of  the  embryo, 
which,  acting  as  a  point  of  attraction  upon  the  yelk,  again  unites 
it,  to  form  a  spherical  heap  In  the  further  progress  of  develop- 
ment, there  are  formed  from  the  first  nucleus,  by  endogenous 
production,  two  new  ones,  which,  as  soon  as  they  have  become 
free  by  the  resolution  of  the  mother-nucleus,  separate  somewhat 
from  one  another,  act  as  new  centres  upon  the  yelk  granules,  and 
this  the  primitive  heap  breaks  up  into  two.  The  multiplication 
of  nuclei  and  yelk  segments  (the  former  always  preceding  the 
latter)  then  proceeds  in  a  similar  manner  till  a  very  large  number 
of  small  segments  are  present,  filling  up  the  whole  space  of  the  yelk 
cells  ;  it  is  only  exceptional  that  the  yelk  segments  do  not  break  up 
until  the  nuclei  have  multiplied  to  three  or  four ;  so  that  three  or  four 
segments,  instead  of  two,  are  directly  formed  from  each  of  them. 
This  process  is  called  the  total  cleavage,  because  here  the  entire 
yelk  becomes  aiTanged  around  the  newly  formed  nuclei ;  the  par- 
tial cleavage  essentially  agrees  with  it,  only  difl'ering  in  the 
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circumstance  that  not  all  the  yelk,  but,  according  to  the  different 
animals^  a  smaller  or  larger  portion  of  it  envelops  the  newly-formed 
nuclei.  "When  the  process  of  division  has  attained  a  certain  stage, 
all  the  segments  become  sm-rounded  T\dth  membranes,  either  si- 
multaneously or  in  successive  layers,  and  are  transformed  into  true 
cells ;  from  which  circumstance  we  are  warranted  in  classifying 
endogenous  cell -formation. 

h.  The  phenomena  attending  the  endogenous  formation  of  cells  hy 
dimsion,  which  is  the  usual  mode  of  multiplication  in  cartilage,  are 
the  most  complex.  Cartilage-cells  differ,  in  my  opinion,  from  the 
great  majority  of  the  cells  of  the  higher  animals,  in  having,  like 
vegetable  cells,  two  membranes,  an  internal  delicate  proteine  mem- 
brane, the  primordial  utricle,  and  an  external  firm  capsule,  analo- 
gous to  the  cellulose  covering  of  plants,  the  latter  of  which  is,  as  in 
plants,  a  secondarii  formation,  an  excretion  of  the  former.  ^Tiere 
cartilage-cells  multiply,  the  first  thing  observable  is  a  division 
of  the  nucleus  into  two;  then  the  nuclei  separate  from  one 
another,  and  a  partition,  as  it  were,  passes  in  between  them,  upon 
which  the  mother  cell  divides  into  two  completely  separated  spaces, 
each  of  which  embraces  one  nucleus  and  the  one-half  of  the  con- 
tents of  the  celL  Subsequently  two  complete  secondary  cells 
generally  become  distinct  within  the  mother-  cell  and  entirelv  fill 
it  up,  proving  that  the  partition  is,  properly,  double  from  the 
commencement.  The  formation  of  the  partition  of  the  secondary 
cells  is,  perhaps,  to  be  understood  as  being  effected  in  the  same 
manner  as  in  plants  :  it  being  as- 
sumed that,  the  primordial  utricle 
becomes  constricted  and  ulti- 
mately divides.  Xow,  in  cartilage, 
the  above-mentioned  process  is 
repeated,  as  a  rule,  many  times 
with  great  regularity,  and  in  such 
a  manner  that  the  secondary 
cells,     after     their  formation, 

firsif  ^pprpfp  pxtprnnl  mrfilao-p  Cartilage  cells  of  a  fidl-grown  Tadpole,  semi- 
nrst  SeCieie  eXotinai  CdllUdge  diagrammatical  figcre.  1.  A  mother  cell,  whose 
■mpmhrm-ips   -u-IiipIt     nnifp     xri+Ti    primordial  utricle  is  in  the  act  of  divldiDg  a.  its 

memoianes,    ^Mucn   umie    ^vim  >'^.^,^  ^^^^^^^^^  ^^^^^^.^^^^  ^j.  ^.^^.^^^^^  ^^^^ 
those  of  their  mother  cell,  and  at  t.Ji'^rS.S^^Ä^^SIrfS  «cSI 

the   same   time  form   a   partition  ^"f  i^fJSgeeii^Ith  two  generations .  ..outer 

between   them,— and  then   divide  ^^l'  membrane  of  the  mother  cell.    Outer  cell 

•'  membranes  01  the  cartilage  capsules  oi  the  secon- 

iinPTr   /'Ti'io-   o\         Afpan  vvItiIp     flip  darv  mother  cells  enclosed  bv  tliem,  which. -nith 

dne^\  i^ri^.  zj .      ^uednN\  nne,    mt  ^  ^^^^^^  partition  through  the  chief  mo- 

cartilao-e  membranes  of  the  mo-  therceii.  g.g.  secondary  ceiis. 
ther  cells  usually  continue  to  exisc  for  some  time  longer,  but 

c  2 
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subsequently  disappear  as  histologically  separated  structures,  and 
coalesce  with  the  matrix  connecting  the  cartilage-cells.  Yet  it 
occasionally  happens,  particularly  in  the  costal  cartilages,  and  m 
pathological  articular  cartilages,  that  the  mother  cells  exist  for  a 
long  time  and  become  filled  with  many  generations  of  secondary 
cells,  which  are  either  enveloped  by  the  secondary  or  tertiary 
mother-cells,  or  fill  up  the  large  capsule  as  a  compact  heap. 

With  regard  to  the  manner  in  which  the  nuclei  multiply  them- 
selves in  the  difl'erent  forms  of  cell-multiplication,  this  much  is 
certain,  that  the  nucleoli  always  first  divide  into  two  and  then 
separate  somewhat  from  each  other.  In  certain  cases,  a  simple 
division  of  the  nucleus  may  then  follow,  whilst  in  others,  they 
are  formed  endogenously  in  pairs  in  the  enlarged  mother-nucleus, 
and  become  free  by  the  resolution  of  the  latter.  In  the  yelk 
segments  of  the  ova  of  frogs,  Remah  found  towards  the  termination 
of^'the  cleaving  process,  2,  3  — 8  nuclei  enveloped  by  one  mother- 
nucleus-membrane. 

§  12.  Vital  Phenomena  of  fully  developed  Cells.— Growth.  When 
cells  are  once  formed,  a  considerable  number  of  functions  appear 
in  them,  which,  like  those  of  the  entire  organism,  are  divisible 
into  animal  and  vegetative.  The  latter  relate  to  the  form  of  the 
whole  cells  and  of  their  contents,  as  well  as  to  their  chemical 
composition,  and  may  be  designated  by  the  names  of  growth  and 
molecular  changes. 

With  regard  to  growth,  it  occurs,  perhaps,  in  all  cells, 
although  not  everywhere  in  the  same  degree.  It  exerts  its  influ- 
ence both  upon  the  contents  and  upon  the  cell-membranes ;  but 
is,  perhaps,  chiefly  dependent,  in  its  peculiarities,  upon  the  latter, 
in  which  growth  appears  in  a  two-fold  manner,  inasmuch  as  they 
either  extend  in  superficial  area  or  become  thickened.  The  former 
hind  of  groivth  is  usually  omnilateral,  and  hence  cells  may  be- 
come enlarged  without  change  of  form,  as,  for  example,  ova, 
many  nerve  cells,  etc.,  but  is  frequently  unilateral  as  in  all  cells 
which  deviate  in  their  form  from  the  primitive  spherical  shape ; 
and,  in  this  case^  the  cell-membranes  deposit  new  material  and 
extend  only  at  one  or  two  or  several  points.  Thickening  of  the 
cell-membranes,  with  or  without  increase  in  superficial  area,  is  to 
be  found  in  a  greater  or  less  degree  in  almost  all  cell-membranes, 
all,  perhaps,  becoming  somewhat  firmer  with  age;  yet  it  is 
extremely  difiicult  to  decide  in  individual  cases,  whether  such 
thickening  is  owing  to  an  increase  of  the  membranes  them- 
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selves  or  to  deposition  upon  tlie  outer  surface  of  the  cell-mem- 
brane. 

The  Nuclei  and  Nucleoli  also  participate  in  the  growth  of  the 
cells  to  a  certain  degree;  and  the  former,  more  especially,  present^ 
together  with  an  omnilateral^  an  unilateral  growth,  in  consequence 
of  which  they  become  elongated. 

§  13.  Processes  taking  place  in  the  Interior  of  Cells. — In  order 
to  obtain  a  clear  insight  into  the  processes  going  on  in  the  inte- 
rior of  cells_,  it  would  be  especially  necessary  to  have  a  more  accu- 
rate knowledge  of  the  chemical  properties  of  their  contents  than 
we  now  possess.  Only  two  kinds  of  cells,  the  ovum  and  the  blood- 
cells^  have  been  more  carefully  investigated;  but  these  are  so 
peculiarly  conditioned,  that  they  can  scarcely  serve  as  types  of 
cells  in  general.  Nevertheless,  from  their  analysis,  some  conclu- 
sion may  be  drawn  as  to  other  cells,  and  from  such  analysis  com- 
bined with  what  micro-chemical  investigation  furnishes,  we  may, 
perhaps,  be  warranted  in  regarding  cell-contents  in  general  as  a 
moderately  concentrated  solution  of  proteine,  with  alkaline  and 
earthy  salts  and  dissolved  or  suspended  fat-particles.  Many  cells, 
however,  differ  very  considerably  from  this,  which  is  undoubt- 
edly the  ordinary  condition  of  all  cells,  at  least  in  the  young  state, 
in  so  far  as  in  them  some  of  the  above-mentioned  constituents 
preponderate  very  much,  or  entirely  new  substances  are  super- 
added. Thus,  there  are  cells  with  much  proteine,  as  the  ganglionic 
globules ;  and  with  much  fat,  as  the  fat-cells,  the  cells  of  sebaceous 
glands,  and  the  mammary  glands,  etc. ;  further,  cells  with  hsema- 
tine,  pigment,  constituents  of  the  gall  and  urine,  mucus  (epithelial 
cells),  serum  (pathological  fat-cells,  corpuscles  of  connective  tissue, 
lacunae  of  bone),  etc. 

The  phenomena  manifested  by  these  so  variously  constituted 
contents,  during  life,  may  be  best  designated  as  —  absorption, 
assimilation,  and  excretion. 

These  are  chiefly  owing  to  chemical  and  physical  causes,  and  may 
for  the  most  part  even  be  followed  with  the  microscope,  seeing  that 
changes  in  the  form  and  contents  of  the  cell  very  frequently  go 
hand-in-hand  with  them.  With  regard  to  absorption,  it  presents 
itself  in  all  cells,  and  the  primary  cause  of  the  entrance  of 
material  is  simply  to  be  sought  in  the  capability  of  imbibition  of 
the  cell-membrane  and  contents.  This  imbibition  is,  however,  not 
to  be  understood  as  if  the  cells  admitted  indiscriminately  all  sub- 
stances approaching  them ;  on  the  contrary,  they  present,  according 
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to  time  and  place,  quite  definite  relations  to  tlie  cytoblastema, 
rejecting  one  constituent  of  it  and  taking  up  another ;  and  the 
same  thing  occurs  Avith  the  absorptive  power  of  those  cells  which 
possess  contents  from  the  first  moment  of  their  formation.  That 
this  is  really  the  case,  is,  for  example,  proved  by  the  circum-. 
stance,  that  in  embryos,  notwithstanding  the  uniform  formative 
material,  i.e.  the  blood-plasma,  for  all  the  cells,  some  take  up  more 
of  these,  others  more  of  those  materials,  and  from  this  results  still 
more  distinctly  that  the  contents  of  probably  all  cells  are  chemically 
different  from  the  cytoblastema  by  which  they  are  formed  and  main- 
tained, as  has  recently  been  more  clearly  demonstrated  in  ova  and 
blood-corpuscles,  the  latter,  for  example,  containing  much  more 
potass  than  the  blood.  The  reason  of  this  phenomenon  may  be 
thus  stated  in  general  terms,  that  the  cell-membranes  do  not  act 
like  simple  filters,  but  allow  one  substance  or  another  to  permeate 
them,  according  to  their  chemical  composition,  the  nature  of  the 
surrounding  fluid,  their  condition  of  aggregation,  and  their  thick- 
ness. True  endosmosis,  which  has  frequently  been  assumed  as 
occurring  in  the  cells,  does  not,  according  to  my  observations, 
appear  to  occur,  in  as  much  as  the  cells  in  their  totality  rather 
present  the  condition  of  simple  bodies  saturated  with  fluid. 

The  substances  composing  and  taken  up  by  the  cells,  undergo 
manifold  metamorphoses,  in  consequence  of  the  vital  process. 
These  metabolic  phejiomena  {Schwann)  are  referable,  firstly  to  the 
Gcll-memhrane,  and  secondly,  to  the  cell-contents.  With  regard  to 
the  former,  this  much  is  certain,  that  the  membranes  of  most  cells 
not  only  become  thicker  and  firmer  with  age,  but  also  assume 
other  chemical  properties;  yet  it  is  impossible  in  the  individual 
case  to  say  to  what  the  change  is  due.  In  the  horny  structures, 
the  membranes  of  the  young  cells  are  readily  soluble  in  alkalies 
and  acid,  whilst  subsequently  they  resist  it  in  part  very  much ; 
the  same  thing  is  found  in  the  higher  elementary  parts,  as  the 
nerve-tubes,  animal  muscular  fibres,  and  the  capillaries,  in  which 
the  sarcolemma,  the  sheath  of  the  nerve-tubes,  and  the  capillary 
membrane,  which  have  the  signification  of  metamorphosised  cell- 
membranes,  re-act  quite  difi"erently  from  the  primitive  formative 
cells.  Tn  the  cartilage-cells  also  the  membranes  become  more  re- 
sistent with  age,  and  the  same  occurs  with  the  cell-membranes  of 
the  ova  of  many  animals,  as  is  best  shown  in  fishes.  These 
examples,  which  might  be  multiplied,  may  sufiice  to  estabhsh 
the  occurrence  of  metamorphoses  of  the  cell-membranes;  sub- 
sequent investigation  will  have  to  show  upon  what  these  de- 
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pendj  whether,  as  it  would  appear^  the  original  cell-membrane,,  in 
many  places,  really  changes  in  its  composition  after  a  time^  or 
whether,  perhaps,  the  change  in  the  reaction  only  appears  to  be 
founded  in  the  absorption  of  foreign  substances,  in  the  incrustation 
of  the  cell-memhrane  ivith  salts,  etc.,  or  whether,  as  is  most  proba- 
bly the  case  in  cartilage-cells,  it  is  dependent  upon  seco^idarij  depo- 
sitions on  the  exterior  of  the  primitive  membranes. 

The  metamorphoses  in  the  cell-contents  are  of  two  kinds,  forma- 
tive and  resolvent.  Both  processes  can  be  readily  followed  in  the 
embryos  of  different  animals,  in  which,  firstly,  the  primitive  cells, 
distended  at  the  beginning  with  the  elements  of  the  yelk,  gradually 
acquire  more  fluid  and  homogeneous  contents,  the  yelk  granules 
resolving  sometimes  from  the  cell-membrane  towards  the  nucleus, 
sometimes  from  within  outwards ;  and  secondly,  in  the  cells  so 
changed,  the  most  various  new  formations  appear,  among  which 
those  of  hsematine,  the  different  pigments,  and  of  fat,  are  most 
conspicuous.  But  even  in  adults,  metamorphoses  of  the  cell-con- 
tents are  common,  and,  at  the  same  time,  very  important  pheno- 
mena, occasioning  in  many  places,  owing  to  the  enormous  number 
of  cells,  unexpectedly  extensive  results ;  the  secretion  of  the  bile 
may  be  characterised  as  the  most  important  of  these,  which,  so  to 
speak,  is  effected  by  the  activity  of  the  many  millions  of  hepatic 
cells  forming  the  liver. 

A  beautiful  series  of  changes  may  also  be  traced  in  fat-cells,  which, 
according  to  the  deficiency  or  excess  of  nutritive  fluid,  lose,  in 
the  former  case,  their  contents,  and  may  eventually  contain  only 
serum,  in  the  latter  become  distended  with  fat-drops ;  further,  in  the 
cells  of  glands  secreting  fat,  which,  at  first  poor  in  fat,  are  ultimately 
quite  distended  with  it,  as  also  in  the  lymph-corpuscles,  which  deve- 
lop the  colouring  matter  of  the  blood  in  themselves,  and  become 
blood-corpuscles ;  lastly,  in  the  ova  of  all  animals  which  deposit  fat 
and  proteine  within  themselves.  The  formation  of  mucus  also  must, 
according  to  my  observations,  be  considered  as  taking  place  in  the 
epithelial  cells  of  the  mucous  glands  and  membranes,  as  also  that 
of  pepsine,  as  it  is  called,  in  the  cells  of  the  tubular  glands  of 
the  stomach.  Comparative  Anatomy  can  furnish  further  proofs 
of  the  most  diverse  description ;  and  I  now  only  mention  here  the 
formation  of  uric  acid  concretions  in  the  renal  cells  of  Mollusca, 
that  of  sepia  in  the  cells  of  the  ink-bag  of  the  Cephalopoda,  of  crys- 
tals and  concretions  of  various  kinds  in  celJs  of  invertebrata  and  of 
special  colouring  matters  in  those  of  the  Mollusca.  Very  interesting 
also  is  the  occurrence,  in  invertebrate  anima^ls,  of  glands  consisting 
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of  a  single  cell^  as  shown  by  H.  Meckel  and  others.  •  In  the  depart- 
ment of  pathological  anatomy  there  belong  to  this  category,  the 
formations  of  pigment,,  the  metamorphoses  of  the  cells  containing 
blood  corpuscles^  the  depositions  of  fat  in  cells  of  all  kinds,  etc. 

Manifold  morphological  phenomena  go  hand  in  hand  with  these 
changes^  such  as  the  above-mentioned  thickenings  and  laminated 
depositions  upon  the  outer  side  of  the  cell-membranes;  further 
precipitations  in  the  cell-contents  of  granules  of  divers  kinds^  as 
of  pigment,  albuminous  substances  (many  epithelial  cells,  hepatic 
cells^  etc.),  the  formation  of  fat-drops,  elementary  vesicles,  concre- 
tions, crystals  and  nuclei.  Even  movements,  similar  to  the  cyclosis 
of  plants,  appear  to  occur  in  cells  of  the  lower  animals  (seen  by 
me  in  cells  of  Polyclinum  stellatum)  and  in  Protozoa  (currents  in 
Loxodes  bursaria,  contractile  vesicles  in  different  genera)  ;  whilst 
on  the  other  hand,  the  Brownian  molecular  movement,  i.  e.  a  more 
or  less  active  tremulous  motion  of  granules  without  any  further 
change  of  locality,  Avhich  is  perceptible  in  many  cells  under  the 
microscope  (most  distinctly  in  the  pigment-cells  of  the  eye)  can 
scarcely  be  reckoned  among  the  phenomena  occurring  during  life. 

§  14.  Excretive  Processes.  —  The  vegetative  functions  of  animal 
cells  are  not  merely  confined  to  the  taking  up  and  transformation 
of  matters,  but  materials  are  again  set  free,  which  are  either 
further  employed  in  some  way,  or  are  simply  removed  from  the 
organism.  In  many  cases,  this  takes  place  by  the  dissolution  of 
the  cells,  as  in  many  glands  in  which  the  mature  secretion  (milk, 
semen,  cutaneous  sebaceous  matter,  bile  of  the  lower  animals,  ink 
of  the  Cephalopoda)  consists,  so  to  speak,  of  nothing  else  than  the 
contents  of  the  gland-cells.  In  other  instances,  the  cells  remain 
unaltered  while  they  secrete  substances  externally,  and  thus  the 
process  presents  itself  in  a  two- fold  manner. 

1.  Cells  may  give  off  materials  which  they  had  taken  up  from 
without  unaltered.  This  is  the  case  with  the  epithelial  cells  of 
the  glands,  which,  like  the  kidneys,  lachrymal  glands,  lungs,  etc., 
simply  allow  substances  to  pass  out  of  the  blood,  as  also  with  the 
cells  lining  the  surfaces  of  the  serous  membranes  and  of  the  exter- 
nal skin,  and  probably  many  others. 

2.  Cells  may  separate  stihstances  which  they  have  prepared  ivithin 
themselves.  Thus,  the  fat-cells  give  off  fat  in  emaciating  indi- 
viduals ;  the  cells  of  the  liver,  bile ;  those  of  the  gastric  glands, 
pepsine ;  those  of  the  mucous  membranes  and  glands,  mucus.  To 
this  category  also  belong  the  secondary  cell-membranes  or  the 
cartilage-capsules,  lying  external  to  the  primitive  cartilage  cells,  as 
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also  tlie  memhrance  proprice  of  many  glands,  wliicli  appear  as 
products  of  tlie  glandular  cells^  the  thickenings  on  tlie  epithe- 
lial cells  of  the  small  intestine,  and  the  cuticular  productions  of 
lower  animals.  These  excretions  of  materials  are  the  consequence 
of  the  pressure  to  which  the  cell-contents  are  exposed^  which  pres- 
sure is_,  on  the  one  hand_,  referable  to  the  pressure  of  the  blood, 
and  on  the  other,  to  the  attraction  exerted  by  the  cells  themselves 
during  the  absorption  of  materials,  and  to  the  elastic  forces  of 
the  cell-membranes.  Many  cells  are  also  simply  washed  out  by  the 
fluid  constituents  of  the  secretion. 

The  separated  materials  frequently  present  no  further  relations 
to  the  cells  whence  they  come,  and  are  either  subservient  to 
special  purposes,  or  are  entirely  removed,  as  in  the  glands.  In 
some  places,  assuming  a  solid  form,  they  remain  external  to  the 
cells  as  extra-cellular  substance,  and  either  form  external  enve- 
lopes around  the  individual  cells,  corresponding  to  the  cellulose 
membrane  of  plants,  or  larger  coverings  of  entire  cell-groups, 
as  the  memhrancB  proprice  of  glands  {e.  g.  of  the  tubuli  uriniferi) , 
the  proper  sheath  of  the  chorda  dorsalis,  and  probably  also  the 
vitreous  membranes  of  the  eye  (capsule  of  the  lens,  memhrana 
Demoursii),  or,  lastly,  peculiar  masses  attached  on  one  side  to  the 
cells,  as  in  the  enamel  of  the  teeth  (see  below,  in  the  section  on 
the  teeth),  the  cylindrical  epithelium  of  the  small  intestine,  and 
the  cuticulse  of  lower  animals.  Very  rarely  the  substances  sepa- 
rated by  cells  unite  to  form  a  firm  intermediate  layer  or  i7iter- 
cellular  substance  connecting  them,  as  in  the  matrix  of  the  dentine 
(see  the  teeth),  and  in  the  cellulose  coverings  of  many  tunicata. 
The  matrix  of  cartilage  also  belongs,  in  part  at  least,  to  this  cate- 
gory, in  as  much  as  it  consists  of  the  outer  coalesced  cell-membranes 
of  the  cartilage -cells.  In  other  cartilages,  there  is  superadded  to 
these,  a  special  intermediate  substance,  which  appears  to  be  directly 
deposited  from  the  blood  of  the  perichondrial  vessels.  In  other 
tissues,  we  find  a  firm,  gelatiniform,  or  fluid  intermediate  substance, 
frequently  in  large  quantity,  as  in  the  embryonal  vitreous  body, 
embryonal  loose  areolar  tissue,  in  the  follicles  of  the  vascular 
glands,  in  the  blood  and  chyle,  and  in  all  parts  formed  by  areolar 
tissue;  but  this  substance  is  not,  perhaps,  due,  for  the  greater 
part,  to  the  cells,  or  to  histological  elements  arising  from  them, 
and  does  not,  in  consequence,  belong  to  this  category. 

Intercellular  Spaces  formed  between  the  cells  by  their  excre- 
tions, have  not  yet  been  satisfactorily  demonstrated  in  animals; 
yet  most  of  the  glandular  spaces,  and  the  cavities  of  the  heart  and 
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larger  vessels^  perliaps  belong  to  this  category^  in  so  far  as  they 
appear  to  arise  from  the  secretion  of  fluid  in  the  interior  of  primi- 
tively compact  cell-masses. 

The  apphcation  of  the  doctrine  of  the  double  cell-membrane  in  vegetable 
cells,  the  primordial  utricle  {Mohl)  and  cellulose  membrane,  to  animal-cells, 
took  place  in  1852,  contemporaneously  and  independently,  by  Remak  (Müll. 
Arch.  1852,  p.  63,  seq.)  and  myself  {Handb.  d.  Geweh.  1852,  pp.  14,  29).  Since 
this  time,  my  observations  on  the  cuticular  structures  {Transact,  of  the  Fhys. 
Med.  Sog.  of  Würzburg,  viii.)  have  shown  that  secondary  depositions  from  the 
cells,  analogous  to  the  cellulose  membrane  of  vegetable-cells,  are  to  be  found 
in  a  great  many  jDlaces,  and  are  often  characterised  by  a  very  particular 
structure,  especially  by  the  existence  of  a  large  number  of  extremely  fine 
pores,  pervading  them  in  the  direction  of  their  thickness. 

§  15.  Animal  Fanctioiis  of  Cells— "J^o  the  vital  phenomena  of 
cells,  also  belong  certain  movements  which  appear  in  cells,  of  which 
it  is  extremely  difl&cult  to  say  whether  they  concern  only  the  con- 
tents, or  the  cell-membranes  also.  They  are  most  simple  in  those 
lower  animals  which  have  the  signification  of  simple  cells.  Here 
there  exists  an  entire  group,  Rhizopoda  {Amwha,  Arcella,  Difflu- 
gia,  etc.),  the  substance  of  whose  bodies,  without  presenting  a 
differentiation  between  envelope  and  contents,  is  capable  of  assum- 
ing the  most  diverse  shapes.  A  similar  amorphous  contractile 
substance''  ( Ecker),  which  also  may  be  designated  Sarcode  [Du- 
jardin),  also  occurs  in  the  Protozoa  provided  with  a  special  outer 
membrane  (cell-membrane),  and  here  occasions  the  changes  of  the 
contractile  spaces,  the  movements  of  the  pedicle  of  the  Vorticella^, 
and  probably  also  the  currents  of  the  fluids,  such  as  are  found  in 
Loxodes  hursaria.  In  these  animals,  the  outer  envelope  also 
appears  to  be  contractile,  either  in  its  totality,  or  in  its  external 
processes,  the  cilia;  yet  it  is  also  conceivable  that  all  the 
movements  are  only  dependent  upon  the  contents,  and  that  the 
envelope  simply  follows  them  as  an  elastic  body.  On  this  view, 
a  cilium  must  be  conceived  as  being  a  pedicle  of  a  vorticella  in 
miniature ;  in  which  latter,  as  Czermdk  shewed,  the  inner  filament 
connected  with  the  substance  of  the  body  is  contractile,  while  the 
envelope  is  elastic. 

In  the  higher  Animals,  contractile  phenomena  of  this  kind  are 
found,  firstly,  in  individual  cells;  and  then  in  parts  of  tissues 
which  owe  their  origin  to  a  metamorphosis  of  single  cells.  To  the 
former  belong,  i.  Cilia,  external  processes  of  cells,  outgrowths 
which  probably  are  not  only  to  be  regarded  as  prolongations  of 
the  cell-membranes,  but  also  of  the  contents ;  so  that  it  cannot  be 
said,  whether  their  power  of  contraction  is  to  be  referred  to  the 
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cell-coutents,  cr  to  the  membrane,  or  to  both.  2.  Contractile 
Fibre- Cells,  in  which  the  original  cell,  with  the  meml)rane  and 
contents^  appears  to  have  become  converted  into  a  soft,  contractile 
fibre ;  a  merely  elastic  envelope  has  not  yet_,  at  least,  been  demon- 
strated with  certainty.  3.  Cells  composing  the  Hearts  of  certain 
Embryos  {Äli/tes,  Sepia,  Limax^  Gallus),  which,  before  they  have 
become  converted  into  muscular  fibres,  accomplish  contractile 
movements.  The  energetic  phenomena  of  contraction,  which  v. 
Siehold  has  observed  (compare  my  figure  in  Wiegm.  Arch.  xiii. 
pt.  i.)  in  the  cells  composing  the  young  planarian  embryos,  are 
generally  reckoned  under  this  head.  Similar  movements  seem, 
according  to  the  more  recent  observations  of  many  authors,  to 
occur  in  other  cells;  as,  for  instance,  in  the  colourless  blood- 
corpuscles  (  Wharton  Jones,  Robm^  Ecker,  Lieberhühn,  Kölliker) ; 
in  the  segments  of  the  fecundated  yelk  of  the  frog  {Ecker)  ;  in  the 
cells  of  Spongilla  {Lieberkühn) ;  in  the  pigment-cells  of  Batrachia 
and  of  Chamoileo  {Brüche,  Virchoii\  Wittich,  Busch,  J.  Lister) ;  in 
the  corpuscles  of  the  connective  tissue  of  lower  animals  {Huxley , 
Busk,  Kölliker) ;  in  the  yelk  of  the  eggs  of  fishes  {Ransom,  Rei- 
chert), etc.,  etc.  In  some  of  these  cells,  the  formation  of  real  pro- 
cesses, or  prolongations  of  the  membrane  and  contents,  can  easily 
be  shown ;  but  in  other  instances,  as  in  the  yelk  of  eggs  of  fishes, 
and,  according  to  J.  Lister's  observations,  even  in  the  pigment- 
cells  of  frogs,  the  phenomenon  consists  only  in  a  movement  of  the 
granules  of  the  cell-contents,  without  any  changes  in  form  of  the 
cells  themselves. 

Among  the  phenomena  of  contraction  which  appear  in  cells,  I 
reckon,  also,  those  of  animal  muscular  fibres,  which,  as  Remak 
and  I  have  shown,  are  nothing  else  than  enormously-developed 
single  cells,  with  many  nuclei;  which  cells,  in  some  cases  also 
(insects,  hearts  of  mammalia),  coalesce,  so  as  to  form  a  network. 
In  fully-formed,  transversely-striped  muscular  fibres,  it  is  certain 
that  it  is  not  the  envelope  representing  the  cell -membrane,  the 
sarcolemma,  but  the  cell-contents,  the  fibrilloe,  which  are  con- 
tractile; and  thus  it  becomes  probable  that  all  contractile  fibres  of 
higher  and  lower  animals  are  similarly  conditioned.  In  the 
chromatophora  of  Cephalopods,  and  of  some  Pteropods,  the  change 
of  form  does  not  depend  upon  the  cells  themselves,  but  upon  mus- 
cular fibres  attached  externally  to  them  {Kölliker,  Harless,  H. 
Müller) . 

In  a  still  higher  degree  than  the  motory  phenomena  of  animal- 
cells,  which  within  certain  limits  also  occur  in  plants  (cilia  of 
spores,  contractile  spaces  in  Volvox,  Busk),  the  very  peculiar  pro- 


28  METAMOKPHOSES  OF  CELLS.  [sECT.  l6. 

cesses  which  we  cannot  but  consider  as  taking  place  in  the  nerve- 
cells,  deserve  the  name  of  animal  functions,  since  these  processes 
are  nothing  else  than  what  the  physiologist  understands  as  the 
functions  of  the  gray  nervous  substance.  We  cannot,  of  course, 
enter  into  discussion  of  them  here;  and  the  more  so  since  these 
functions  are  completely  inaccessible  to  microscopical  observation. 

Bonders  was  the  first  to  assert  the  opinion,  that  only  the  contents  of  cells 
and  not  the  cell-membranes  are  contractile  ;  and,  I  must  confess,  that  the 
longer  I  consider  the  subject,  the  more  the  idea  of  Bonders  pleases  me  ;  yet 
it  appears  to  me  as  still  rather  premature,  in  entirely  denying  the  power  of 
contraction  to  cell-membranes,  there  being  nothing  d  i^nori  to  adduce  agamst 
this  view,  while  a  decision,  founded  on  fact,  cannot  as  yet  be  formed  m  many 


cases. 


§  1 6.  Metamorphoses  of  Cells.— Different  Kinds  of  Cells.  — The 
destination  of  the  cells  which  occur  at  earlier  or  later  periods  in 
the  organism  is  very  various.  A  very  considerable  number  of  them 
remain  for  only  a  short  period  in  their  original  state,  and,  subse- 
quently, unite  with  others  for  the  formation  of  the  higher  ele- 
mentary parts.  Others,  again,  do  not  indeed  enter  into  any  such 
connections,  but  change  more  or  less  their  former  nature,  as  the 
horny  plates  of  the  epidermis  and  nails.  Many  cells,  lastly,  never 
go  through  any  metamorphoses,  but  remain  as  cells,  till  they  perish, 
sooner  or  later,  often  not  till  the  destruction  of  the  organism  itself, 
such  as  epithelium-cells,  the  cells  of  glandular  parenchymas,  those 
of  the  nervous  system,  etc. 

Fermanent  Cells  may  be  arranged  most  conveniently  under  the 
following  heads : — 

I.  True  Cells,  which  have  not  altered  their  cellular  nature  m  any 
essential  point,  occur  in  the  epidermis  {stratum  Malpigliii)  epithe- 
lia,  in  the  blood,  the  chyle,  the  lymph  in  gland-juices,  adipose  tissue, 
gray  nervous  substance,  the  red  medulla  of  bone,  in  glands  (liver, 
spleen,  supra-renal  capsules,  closed  glandoLar  follicles)  and  in  car- 
tilages. These  cells  may  be  divided  according  to  their  form.,  into 
round,  disc-shaped,  cyhndrical,  conical,  ciliated,  and  stellated: 
according  to  their  contents,  into  cells  containing  fat,  proteine,  se- 
rum, hjematine,  biline,  pepsine,  mucus,  and  pigment :  and,  with 
regard  to  their  occurrence,  some  are  isolated  either  m  fluids  ov  solid 
tissues,  while  others  are  united  to  form  simple  cellular  parenchy- 
mas ;  others,  lastly,  being  connected  by  an  intercellular  substance 
of  some  kind. 

2.  Metamorphosed  Cells,  which  have  altered  their  origmal 
structure  more  or  less.    To  this  category  belong— 
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a.  Horny  Plates,  flattened  polygonal  or  fusiform  Cells,  the  mem- 
branes of  which  have  blended  with  the  contents ;  in  the  epider- 
mis_,  the  laminated  pavement  epithelia^  the  nails  and  hairs. 

h.  Contractile  Fibre-cells ;  fusiform,,  slightly  flattened^  consider- 
ably elongated  cells,  the  membranes  of  which^  together  with  their 
pulpy  contents^  have  become  transformed  into  a  contractile  sub- 
stance, in  the  smooth  muscular  fibres. 

c.  Striated  Muscular  Fibres ;  long  fibres  with  many  nuclei^  with 
a  distinct  envelope^  and  a  contractile,  often  fibrillated,  interior 
substance,  originating  from  the  excessive  growth  of  single  cells. 

d.  Fibres  of  the  Lens ;  very  elongated  cells,  with  viscid,  more 
or  less  firm  contents,  rich  in  albumen. 

B.— HIGHER  ELEMENTARY  PARTS. 

§  17.  The  higher  elementary  parts  correspond  genetically  to  an 
entire  sum  of  simple  ones ;  and,  indeed,  as  far  as  we  yet  know,  it 
is  only  the  cells  which  are  capable  of  producing  them.  The  man- 
ner in  which  this  happens  is  various.  That  is  to  say,  the  cells, 
while  they  coalesce,  either  retain  their  cell-nature,  and  in  part  also 
their  independence ;  and  then  there  arise,  according  as  they  are 
fusiform  or  stellate  cells,  cell-fibres  and  cell-7iehvorks ;  or  the  cells 
entirely  lose  their  independence  on  union ;  and,  in  this  case,  accord- 
ing as  the  cells  are  arranged  in  linear  series,  or  are  wholly  con- 
nected with  each  other  on  all  sides,  form  elongated,  elementary 
parts,  networks  and  membranes,  the  two  former  of  which  again, 
according  to  the  kind  of  metamorphoses  of  the  contents  of  the 
united  cells,  may  appear  as  fibres,  bundles  of  fibrillce,  tubes,  fibrous 
networks,  and  as  plexuses  of  tubes.  As  these  elementary  parts  will 
be  spoken  of  more  in  detail  below,  in  treating  of  the  tissues,  a 
short  enumeration  of  them  here  may  suffice. 

They  are:  1.  Higher  Elementary  Parts  ^  luhich  present,  more  or 
less  distinctly,  the  Cells  composing  them. 

1.  Cell-netiüorks  from  the  tissue  of  connective  substances.  To 
this  category  belong  the  corpuscles  of  connective  tissue  ( Virchoiv), 
the  cartilage-cells  of  certain  plagiostomatous  fish  {Leydig)^  all  anas- 
tomosing pigment-cells,  the  lacuncB  of  bone  and  the  dental  tubes, 
the  cells  of  the  fat-body  of  the  Lepidoptera  (H.  Meyer,  Zeitschr. 
f.  w.  Zool.  i.  p.  1 78). 

2.  Cell-netivorks  of  Muscular  Tissue.  Anastomosing,  smooth, 
or  transversely  striped  cells  of  the  heart  and  skin  of  the  lower 
animals. 

3.  Cell-networks  from  Nervous  Tissue.  Anastomosing  nerve- 
cells  of  the  retina  and  of  the  central  organs. 
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2.  HifjJier  Elementary  Parts  — the  Formative  Cells  of  ichich  are 

no  longer  recognisable.  .  77.7     •  / 

1.  Fibres,  Fibrous  NeticorJcs,  and  Membranes  of  Mastic  and 

Areolar  Tissue. 

2.  Fibrous  Networks  of  the  Transverselg-stnped  Muscles, 
3   Fibres  and  Fibrous  Networks  of  the  Nervous  Tissue. 

4.  Tubes  and  Plexuses  of  the  Blood  and  Lymph  Capillaries. 

5.  Terminations  of  the  Tracheae  of  Insects. 

All  these  higher  elementary  parts  possess  essentially  the  same 
pl'operties  as  cells,  especially  groioth  in  length,  and  thickness,  absorp- 
tion, metamorphoses,  and  excretion  of  materials,  and,  m  part  con- 
tractilitu,  as  also  other  functions,  which,  perhaps,  can  likewise  be  de- 
monstrated in  cells.    Growth  manifests  itself  very  distmctly  m  the 
circumstance,  that  all  the  above-mentioned  elements  immediately 
after  their  formation  are  invariably  much  shorter  and  narrower 
than  at  a  subsequent  period;  the  absorption  of  material  is  proved 
bv  the  dependence  of  their  functions  upon  the  circulation,  by  the 
phenomena  of  absorption  in  the  capillaries  of  the  lymphatics  and 
blood-vessels,  and  by  the  above-mentioned  growth,  which  can  only 
be  conceived  as  taking  place  by  the  absorption  of  materials  into  the 
interior  of  these  parts.    A  metamorphosis  and  excretion  of  mate- 
rials may  also  be  assumed  along  with  these,  as  the  well-known 
peculiar  products  of  decomposition  in  the  muscles,  the  changes 
of  the  muscular  fibres  and  the  nerve-tubes  in  altered  nutrition  and 
activity,  as  also  the  capillaries  which  are  continually  giving  off  the 
plasma  of  the  blood,  sufficiently  testify.    The  muscular  fibrülse 
possess  contractility;  and  the  processes  in  the  nerve-tubes,  which 
although  they  possess  their  analogies  in  part  in  the  functions  ot 
the  nen^e^cells,  are  very  peculiar,  and,  for  the  present,  not  to  be 
more  definitely  characterized. 

Literature  of  the  Elementary  Parts. -Besides  Schwann's  work,_  cited  above, 
we  may  mention  KÖlliker,  Die  Lehre  von  der  thierischen  Zelle,  m  Schleiden 
und  nLeli's  Zeitschrift  für  wissenschaftl .  Botanik.  Part  II  ^H^.  Entmck- 
ZgsgescMchteder  Cephalopoden,  .844;  a  Paper  on  Cuticular  Str— 
^jBoresmCe]l-memhve.nesan  Transact,  of  the  Würzh.  Soc.  Vo  .  vm.  Eemak. 
lieber  extraeeUulare  Entstehung  thier.  Zellen  und  die  Vermehrung  derselben 
durch  Theilung,und  über  Entsteh,  des  Bindegewebes,  ^t.  d.  Knorpel  mUxjiSL. 
Zeh  185.  i.Vas  alsathe  treatise  of  Doxders,  cited  under  Elastic  Tissue  ; 
and  the  Embryological  Monographs  of  Reichert,  Bischöfe,  Vogt,  Remak  and 
myself  Besides,  compare  the  more  recent  comparative  histological  .reatises 
oi  H.  Meckel,  Leydig,  Leuckart,  Carpenter,  Huxley,  Gegenbaur,  Meissner,  myseit, 
and  others. 
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II.  OP  TISSUES,  ORGANS,  AND  SYSTEMS. 

§  18.  The  elementary  parts  of  the  simple  and  higher  kinds  are 
not  scattered  without  order  in  the  body,  but  united  according 
to  definite  laws  to  the  tissues  and  organs,  as  they  are  called. 
Under  the  former  name  is  designated  every  constant  grouping  of  the 
elementary  parts  always  recurring  in  the  same  ivay  in  analogous 
parts ;  under  that  of  an  organ,  on  the  other  hand,  is  understood 
a  cei'tain  sum  of  elementary  parts  possessing  a  definite  form  and 
fimction.  When  several  or  many  organs  of  similar  or  diff'erent 
kinds  unite  to  form  a  higher  unity,  the  latter  is  called  a  system. 

It  is  difficult  to  classify  the  tissues  properly.  When  we  only 
consider  the  conditions,  such  as  they  are,  found  in  the  adult 
organism,  it  is  easy,  indeed,  to  enumerate  a  gradually  ascending 
series  of  simple  to  more  and  more  complex  formations.  But  in 
this  way,  formations  which  are  closely  related  to  each  other  would 
be  torn  asunder,  and  conversely.  Better  results  are  attainable, 
when,  together  with  the  fully  developed  form,  we  also  take  the 
origin  and  the  chemical  and  physiological  conditions  into  account, 
and  from  this  point  of  view  the  following  series  of  tissues  may  be 
constructed :  — 

1.  Cell-Tissues. 

Epidermic  tissue.  Tissue  of  true  glands. 

2.  Tissues  of  Connective  Substance. 

Mucous  tissue.  Elastic  tissue. 

Cartilage-tissue.  Areolar  tissue. 

Osseous  tissue  and  Dentine. 

3.  Muscular  Tissues. 

Tissue  of  the  smooth  muscles. 

Tissue  of  the  transversely  striped  muscles. 

4.  Nerve-Tissue. 

5.  Parenchymatous  Tissues  of  Vascular  Glands. 

The  organs  may  be  divided  into  simple  and  compound. 
1.  Simple  Organs. 

1.  Epidermis,  epithelia,  hairs,  nails,  enamel,  lens. 

2.  Simple  true  glands. 

3.  A^itreous  body. 

4.  Chorda  dorsalis,  true  cartilage,  and  elastic  cartilage. 

5.  Elastic  ligaments  and  membranes. 
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6.  Tendons,  ligaments,  fibrons  membranes,  fibro-cartilage. 

7.  Bones  and  teetli. 

8  Smooth  muscles  and  muscular  membranes. 

9*  Transversely  striped  muscles  and  muscular  membranes. 

10.  Nerves  and  ganglia. 

11.  Simple  glandular  follicles. 

2.  Compound  Organs. 
1 2f  "Vessels. 

13*  Vascular  membranes  (external  skin,  mucous  and  se- 
rous membranes,  proper  vascalar  coats). 
14.  Special  organs  of  the  intestinal  canal. 
I  ^   Compound  true  glands,  with  their  individual  sections. 

16.  Compound  vascular  glands  (spleen,  tonsils,  supra-renal 

capsules) . 

17.  Central  organs  of  the  nervous  system. 

18.  Higher  organs  of  the  senses. 

The  organs  lastly  unite  to  iovm  special  systems,  of  which  the 
followina;  may  be  distinguished :—  .   .     ^  .1 

1.  The  System  of  the  External  Skin,  consisting  of  the  conum 
epidermis,  the  liorny  structures,  and  the  larger  (mammary  glands) 
and  smaller  glands  of  tlie  skin. 

2.  The  Osseous  System,  comprehending  the  hones,  cartilages, 
ligaments,  and  articular  capsules.  „        4.  , 

\    The  Museular  System,  viz:  the  muscles  of  the  trunk  and 
extremities,  the  tendons,  fasciae,  tendinons  ligaments  and  bursas 

"^T^The  Nervous  System,  consisting  of  the  large  and  small 
central  organs,  the  nerves  and  higher  organs  of  the  senses 

Tne  Vascular  System,  consisting  of  the  heart,  the  blood  and 
Ivmph  vessels,  as  well  as  the  lymphatic  glands. 
'  6   The  Viseeral  System,  comprismg  the  intestinal  cana  ,  the 
organs  of  respiration,  with  the  thymus  and  thyroid,  the  salivary 
glands,  the  liver  and  spleen. 

7  Tlie  Urinary  and  Sexual  Systems.  _ 
Since  the  individual  organs  and  systems  will  be  spoken  of  m 
detail  in  the  special  part,  we  do  not  require  to  enter  here  mto  a 
more  minute  description  of  them;  and  it  accordingly  only  remains 
to  characterise  the  tissues  themselves  somewhat  more  minutely, 
while,  at  the  same  time,  a  few  general  remarks  concermng  ti.e 
organs  may  be  most  fitiy  annexed. 
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1.  Cell-Tissues. 

§  19.  The  epidermic  and  the  glandular  tissues,  which  I  include 
under  the  cell-tissues,  have  this  in  common,  that  they  both,  with 
but  few  exceptions,  arise  from  the  continuous  layer  of  cells  lining 
the  inner  and  outer  surfaces  of  the  embryonal  body ;  and  even  in 
the  fully  developed  condition,  essentially  consist  of  cells,  which,  in 
the  one  case,  appear  in  compact  masses,  but  in  the  other,  generally 
enclose  spaces.  In  both  tissues  homogeneous  structureless  mem- 
branes are  more  or  less  extensively  present.  These  are  to  be  re- 
garded as  products  of  excretion  from  the  cells;  in  the  glands, 
they  surround  the  glandular  elements  as  membrance  proprice, 
whilst  in  the  epidermic  tissue  they  are  spread  out  in  form  of  a 
layer  between  the  cells  and  subjacent  vascular  parts,  with  which 
they  are  often  intimately  blended.  Both  tissues  very  closely 
agree  in  respect  of  the  form  and  chemical  composition  of  their 
cells ;  and  the  close  relationship  between  them  is  even  more  de- 
cidedly indicated  by  physiological  considerations,  seeing  that  at 
least  the  main  function  of  glands,  excretion,  also  belongs  to  very 
many  epidermic  tissues.  The  latter  also  participate,  it  is  true,  in 
the  process  of  absorption,  which  can  be  ascribed  to  but  a  small 
number  of  glands,  and  present  other  and  altogether  special  rela- 
tions ;  circumstances  which,  however,  do  not  affect  the  affiuity  of 
these  two  tissues. 

§  20.  Epidermic  Tissue. — The  morphological  character  of  epi- 
dermic tissue  consists  in  its  being  entirely  made  up  of  independent, 
generally  nucleated  cells,  intimately  connected,  without  any  visible 
intermediate  substance,  which  in  part  retain  their  perfect  vesicular 
character,  and  in  part  are  converted  into  solid  scales  and  fibres. 
In  a  chemical  point  of  view,  this  tissue  is  still  but  Httle  known, 
yet  this  much  has  been  made  out,  that  the  cells  principally  contain 
an  albuminoid  substance,  partly,  also,  mucus;  and  that,  at  first, 
all  possess  readily  soluble  protein-membranes,  which,  however,  sub- 
sequently become  partly  transformed  into  a  substance  which  resists, 
more  or  less,  the  action  of  acids  and  alkalies,  and  is  named  horn- 
substance,  or  he^^atin.  With  the  exception  of  the  lens  and  the 
enamel  of  the  teeth,  which  are  destined  for  altogether  special  ends, 
the  physiological  purpose  of  the  epidermic  tissue  is  chiefly  to  serve 
as  a  protective  covering  to  parts  rich  in  vessels  and  nerves,  and  by 
the  activity  of  its  elements,  to  take  part  in  the  processes  of  secre- 
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tion  and  absorption.  All  epidermic  strnctures  are  non-vascnlar, 
and  are  maintained  by  a  plasma  passing  into  them  from  the  sub- 
jacent vessels.  In  most  cases,  when  the  older  parts  of  their  tissue 
wear  away,  it  is  renewed  with  extreme  facility  by  the  formation  of 
new  elements  in  the  deeper  layers;  and 
even  after  complete  destruction,  they  arc 
readily  reproduced.  The  epidermic  tissue 
appears  in  the  following  forms  : — 


Fig.  5. 
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A.  As  proper  epidermic  tissue.  To  this 
division  belong — 

I.  Hor7iy  tissue. — This  always  consists 
of  compact  masses  of  cells,  which  are  soft 
in  the  neighbourhood  of  the  vascular 
matrix,  but  when  further  removed  from 
it,  become  more  firm  and  hard  (cornified), 
and  often  lose  their  original  cellular  cha- 
racter and  their  nuclei,  and  become  ce- 
mented into  horny  plates.  To  this  division 
belong  the  following  organs  : — 

a.  The  Epidermis,  or  Scarf-skin,  which 
covers  the  outer  surface  of  the  body,  and, 
at  the  large  openings  of  the  internal  ca- 
vities, is  continued  into  their  epithelial 
lining. — It  consists  of  two  rather  distiuctly 
defined  layers,  the  mucous  layer,  with  soft, 
roundish,  polygonal,  sometimes  coloured 
cells,  which  adapts  itself  accurately  to  all  the  inequalities  of  the 
subjacent  corium  (which  nourishes  the  epidermis),  and  passes  ex- 
ternally into  the  polygonal  plates  of  the  liorny  layer  (fig.  5). 

h.  The  iVazZs.— These  may  be  regarded  as  a  modified  part  of  the 
epidermis,  the  horny  layer  of  which  has  attained  a  still  greater 
degree  of  firmness,  and  lies  together  with  the  mucous  layer  upon 
a  special  depressed  surface  of  the  corium  — the  bed  of  the  nail 
—  and  is,  in  part,  lodged  on  a  special  groove  — the  fold  of  the 
nail. 

c.  The  Hairs.— YAiioxm  epidermic  structures,  seated  upon  a 
vascular  papilla,  in  a  special  sac  — the  hair  follicle  —  derived  from 
the  corium,  and  lined  by  a  continuation  of  the  epidermis.  The 
elements  in  the  immediate  neighbourhood  of  this  papilla  are  soft 
and  vesicular,  whilst  those  farther  removed  from  it  are  transformed 


Scales  of  the  horny  layer  of  the 
human  epidermis,  magnified  350 
times.  1,2,3,  from  the  arm;  2 
and  3,  treated  with  water ;  4,  from 
tha  glans  penis,  with  a  nucleus. 
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Epithelial  cells  from  vessels ; 
the  longer  ones  from  arteries ; 
the  shorter  from  veins. 


in  three  ways^  viz.,  into  plates,  flat  fibres,  and  rounded  polyhedral 
cells. 

2.  As  Epitlieliiün. — With  soft  (never  cornified)  nucleated  cells, 
which  have  a  roundish,  polygonal,  fusiform,  cylindrical  or  conical 
figure,  and  are  sometimes  ciliated,  sometimes  not ;  and  which  are 
arranged  in  one  of  several  layers,  whence  arise  the  following 
varieties : — 

a.  Epithelium  of  one  layer. 

1.  With  roundish,  polygonal  cells  (simple  pavement-epithelium, 
or  simple  tesselated  epithelium).    This  is  Fig. 6. 
found  lining  the  true  serous  membranes,  most 
of  the  synovial  membranes,  the  ventricles 
of  the  brain  (ependyma),  the  membrane  of 
Demours,  the  anterior  surface  of  the  iris, 
also  on  the  inner  surface  of  the  choroid,  as 
far  as  the  ora  serrata  (pigment  layer),  the 
inside  of  the  anterior  half  of  the  capsule  of 
the  lens,  the  periosteum  of  the  internal  ear, 
the  inner  surface  of  the  tuhull  membranacei 
and  sacculi  of  the  latter,  the  inner  surface  of 
the  endocardium  and  veins,  of  many  glandular  vesicles  and  canals 
(racemose  glands,  kidneys,  sudoriferous  glands,  cerumincus  glands, 
lungs),  and  the  interlobular  ducts  of  the  liver  (fig.  ii). 

2.  With  fusiform  cells,  arranged  collaterally  in  the  same  surface 
(fusiform  epithelium).  Epithelium  of  arteries,  and  of  many 
veins  (fig.  6). 

3.  With  cylindrical  cells  (cylindrical  epithelium,  columnar  epi- 
thelium). This  form  is  found  in  the  alimentary  canal,  from  the 
cardia  to  the  anus,  in  the  Lieberkühnian  follicles,  the  excretory 
ducts  of  the  gastric  glands,  in  all  other  glands  opening  into  the 
intestine,  as  well  as  in  the  mammary  and  lachrymal  glands  ;  fur- 
ther, in  the  male  urethra,  the  vas  deferens,  the  seminal  vesicles,  the 
excretory  ducts  of  the  prostate,  in  Cowper's,  Bartholine^s,  and  the 
uterine  glands  (fig.  7). 

4.  With  cylindrical  or  coni- 
cal ciliated  cells  (ciliated,  sim- 
ple cylindrical  epithelium). 

Epithelium  of  the  finest 
bronchia,  of  the  accessory  ca- 
vities of  the  nose,  of  the  inner 

side  of  the  membrana  tympani,       Epithel.um  of  the  intestinal  vilU  of  the  rabbit, 

of  the  Eustachian  tube  and  magnifled  300  times. 

D  3 


Fig.  7. 
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Uterus,  from  the  middle  of  the  cervix  inwards;  of  the  Fallopian 
tubes,  as  far  as  the  outer  surface  of  the  fim-  Fig.s. 
brise  (fig.  8). 

5.  With  roundish  ciliated  cells  (ciliated  simple 
pavement  epithelium).  Epithelium  of  the  ce- 
rebral ventricles. 

b.  Epithelium  of  several  layers.  cmated  ceiis  from  the  finer 

■  .     ,  7.  7        77      •      j7     bronchi,  magnified  350  times. 

I.   With  cylindrical  or  roundish  ceils  in  tlie 


Fig.  9. 


deep  layer,  and  polygonal,  more  or 
less  flattened  ce^Zs,  towards  the  surface 
(stratified  pavement-epithelium) . 

Epithelium  of  the  oral  cavity, 
the  lower  half  of  the  pharynx, 
the  oesophagus,  the  lacrymal  canal, 
the  conjunctiva  of  the  eye,  the 
tympanic  cavity,  the  vagina  and 
female  urethra,  the  urinary  blad- 
der, ureter,  pelvis  of  the  kidney, 
and  certain  syno^dal  membranes, 
the  pigment  of  the  posterior  sur- 
face of  the  iris  and  of  the  corona 
ciliaris  (fig.  9). 

2.  With  roundish  cells  in  the  deep 
portion,  elongated  in  the  middle,  and 


Ä  siTTinte  naüilla.  with  F.eY(ral  vessels  of  epi-  r^'         '         y  /.   •   77    1  '^'  Ä 

fneiium,  from  the  gums  of  a  child ;  magnified  filiated,  couical,  Superficially  (cihatccl 

Stratified  epithelium).    Eig.  lo. 

Epithehum  of  the  larynx,  trachea,  and  larger  bronchi,  of  the 
nasal   cavities,  the   floor  ex-  ng.  lo. 

cepted,  of  the  lacrymal  sac  and 
ducts,  and  of  the  upper  half  of 
the  pharynx. 

3.  As  in  2,  except  that  the 
upper  cells  are  not  ciliated. 

Epithelium  of  the  olfactory 
region. 

As  an  epidermic  structure, 
we  may,  moreover,  designate 
the  enamel  of  the  teeth,  which 

contains  prismatic,  firmly  Cal-    ^^^^^  ,^,,,elium,  from  the  human  trachea  ;mag- 

cified,  long  fibres,  produced  by  «•  —^^'^^^"^ 

the  intervention  of  the  epi-  the  mucous  memhrane.  c.  Deepest  round  cells,  d. 
^""^    ^  _      -  1  Middle  elongated,   e.  Superficial,  bcanng  ciha. 

thelial   cells   of   the  enamel 


SECT.  21.] 


TISSUE  OF  THE  LENS. 


37 


organ ;  probably,  however,  not  by  the  direct  calcification  of  these 
cells,  but  the  excretion  from  them.    (See  below.) 

B.  As  Tissue  of  the  Lens. 

The  lens,  as  its  development  shows,  is  an  epidermic  structure ; 
and  its  long,  partly  tubular,  partly  solid  fibres,  are  each  developed 
by  the  elongation  of  a  single  epithelial  cell  of  the  capsule. 
Nevertheless,  it  deserves  a  distinct  place,  partly  on  account  of  its 
chemical  composition,  and  partly  on  account  of  the  peculiar  form 
of  its  elements. 

Literahtre.  —  Purkinje  et  Valentin,  De  Phcenomeno  generali  et  funda- 
mentali  Motus  Vihratorii  continui.  Vratisl.  1833.  (Discovery  of  ciliary 
motion  in  the  higher  animals.)  Sharpey,  Art.  Cilia,  in  Cyclop,  of  Anatomy. 
Hbnle,  Symholce  ad  Anatom,  vill.  int.,  Berol.  1837.  On  the  Distribution  of 
Epithelia  in  the  Human  Body,  Berlin,  1838  ;  and  On  the  Formation  of  Mucus 
and  Pus,  and  its  Eelation  to  the  Epidermis  (first  accurate  description  of  the 
different  epidermic  cells).  Valentin,  Avi.  Flimmer-Bewegung  (Ciliary  Move- 
ment), in  Handwor.  d.  Physiol.,  Jäsche  de  Telis  epithelialihus  in  sjjccie  et  de  Us 
Vasorum  in  genere.    Dorp.  1847. 

§  21.  Tissue  of  Glands. — The  glands  possess,  as  their  most  es- 
sential part,  the  secerning  elements,  which  appear  as  cellular 
masses,  shut  and  open  vesicles,  and  tubes,  and  contain,  as  the 
most  important  constituent,  the  gland-cells,  or  gland-parenchym- 
cells,  as  they  are  called.  These  cells  are  mostly  polygonal  or  cy- 
lindrical, and  completely  resemble  certain  epithelial  cells ;  on  the 
other  hand,  they  are  very  frequently  characterised  by  peculiar 
contents.  The  union  of  these  cells,  to  form  the  secerning  parts  of 
glands,  takes  place  either  directly  or  with  the  co-operation  of 
homogenous  membranes,  secreted  by  the  gland-cells  {me7nhrance 
proprice,  as  they  are  called),  and  of  connective  tissue.  There  thus 
arise,  according  to  the  difi'erent  glands,  different  secerning  glan- 
dular elements,  which  are  surrounded  hy  vessels  and  nerves,  and 
connected  together  by  areolar  tissue,  with  which  elastic  fibres,  fat- 
cells,  and  even  muscular  fibres  are  intermingled,  to  form  the  larger 
and  smaller  divisions  of  the  glands.  The  chief  forms  of  secerning 
glandular  elements  in  man  are  the  following : — 

1.  Solid  cell-netiöorks,  ivitlwitt  rudiments  of  an  investing  mem- 
hrane.    In  the  liver. 

2.  Shut  vesicles,  ivith  a  fibrous  coat  and  an  epithelium.  Graafian 
vesicles  of  the  ovaries  ;  follicles  of  the  thyroid.  The  thymus,  which 
consists  of  a  common  cavity  beset  with  numerous  vesicles,  per- 
haps belongs  to  this  division  (Fig.  11). 
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3.  Open,  roundish,  or  elongated  glandaJar  vesicles,  loith  a  mem- 

hrana  propria  and  an  epi- 
thelium.   In  the  racemose 
.If        .  ,  glands  (fig.  12). 

«  '    ^  4.  Open  glandular  tubes, 

'y  '  ,      with  a  memhrana  'propria, 

>  '  0?'  a  fibrous  coat  and  an 

epithelium.   Tubular  glands 

(fig.  13). 

''  ^        To  these  elements  (except 

^  '  ;      in  the   glands  mentioned 

""^^^^  under  2,  which  discharge 

5  1.   ^      their  contents  by  the  occa- 

sional bursting  of  their  fol- 


licles, or  simply  allow  them 
to  transude,  and  the  most 

Some  vesicles  from  the  thyroid  of  a  child;  magnified     •       i     fubular   fflands)  are 
250  times.   «.  Connecting  tissue  between  them.   6.  Mem-   SimpiC   lUUUicii  j^io-iiv^oy 
hrane  of  the  vesicles,   c.  Epithehum  of  the  same.  superadded  speCial  eXCrCtory 

ducts,  which,  often  variously  ramifying,  either  pass  directly  into  the 
glandular  vesicles  and  tubes,  or,  as  in  Fig.  12. 

the  liver,  gradually  transform  them- 
selves into  the  secerning  cell  network. 
These  ducts  at  first  very  much  re- 
semble the  secerning  parts  in  struc- 
ture, but  always  possess  epithelial 
cells  which  are  destitute  of  the  speci- 
fic contents  of  the  proper  gland-cells, 
and  generally  present  a  difiPerent  form 
from  the  latter.  Thick  excretory  ducts  J 
consist  of  a  fibrous  coat  and  an  epi-    L^H-  ■ 
thelium,  often,  also,  of  a  muscular  c 
layer.    And,  towards  their  termin-  ^ 
ation,  a  fibrous,   muscular,  and  a  i 
mucous  coat  very  frequently  appear    two  smallest  pulmonary  lobuies.  «  «. 

Uiui.uua  K^Kjo^K.    y     J        ^  J     XX  With  the  air-cells  (A  A),  and  the  finest  bron 

as  special  structures.  chlal  twigs  (c  c),  on  which,  likewise,  other 

is^^^i.^  ^  air-cells  are  seated.    From  a  newly-born 

But  little  IS  yet  known  concern-  diild;  magnified  twenty-five  times.  Semi- 

,  ...    j_-  n  diagrammatical. 

ing   the   chemical  constitution  01 

glands.  The  gland-cells,  as  the  most  important  structures,  agree, 
in  this  respect,  also,  with  the  epithelial  structures,  except  that 
they  frequently  contain  special  matters  in  their  interior,  such  as 
fat,  the  constituent  of  the  bile,  urine,  gastric  juice,  mucus,  etc., 
and  by  this  means  acquire  a  specific  character. 
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Lieberkühnian  gland  of 
the  pig;  mai?nifled  sixty- 
times,  a.  Membrana  pro- 
pria and  epithelium,  b. 
Cavity. 


The  glands  either  separate  certain  constituents  from  the  blood, 
or  prepare,  by  means  of  it,  peculiar  substances,  rig.  13. 

or  morphological  elements ;  and  the  importance 
of  their  individual  parts  is  different  according 
to   circumstances.     In  the  former  case,  the 
gland-cells  play  rather  a  subordinate  part,  and 
are  of  importance  only  in  so  far  as  they  hinder 
the  passage  of  some  constituents  of  the  blood, 
and  allow  certain  others  to  pass  through  (kidneys, 
lacrymal   glands,   small  sudoriferous  glands, 
lungs) ;  in  the  second  case,  on  the  other  hand, 
the  cells  play  an  essential  part  in  the  formation 
of  the  secreted  juice,  as  they  produce  the  specific 
secretion  within  themselves,  which  either  tran- 
sudes from  them  (liver,  thyroid,  mucous  glands, 
gastric  glands,  prostate,  Cowper's  glands,  sali- 
vary glands,  pancreas),  or  escapes  by  detach- 
ment  and   gradual   destruction  of  the  cells 
(mammary  and  sebaceous  glands,  testicles,  large 
sudoriferous  and  ceruminous  glands).    In  the  latter  case,  new 
elements  constantly  supply  the  place  of  the  mature  decaying 
gland-cells,  by  which  means  the  character  of  these  cells,  as  a 
lining  of  the  gland  canal,  is  frequently  efi'aced,  and  they  appear 
as  the  secretion  (testicles,  mammary  gland  during  lactation).  All 
the  glands  mentioned,  with  the  exception  of  the  sexual  glands,  are 
developed  from  the  internal  and  external  epithelial  formation  of 
the  body,  with  the  co-operation  of  the  vascular  membranes  sup- 
porting these  epithelia.    Some  of  them  appear  from  the  com- 
mencement as  outgrowths  of  the  membranes  mentioned,  and  retain 
their  cavities  during  the  whole  course  of  their  development  (lungs, 
small  intestinal  glands).    Others  are  at  first  hollow,  but  subse- 
quently have  solid  extensions,  by  means  of  which  they  are  further 
formed  (liver)  ;  others,  again,  are  solid  from  the  commencement, 
continue  to  grow  in  this  condition,  and  then  first  acquire  their 
cavities  (glands  of  the  skin,  racemose  glands).    The  thyroid  and 
thymus  also  arise,  according  to  Eemak,  as  constrictions  from  the 
intestinal  epithelium.    Molecular  change  is  carried  on  with  great 
energy  in  glands,  and  they  belong  to  the  most  vascular  organs  of 
the  body.    Glandular  tissue,  except  in  the  uterine  glands,  is  never 
regenerated;  while,  on  the  other  hand,  hypertrophies  of  it,  and 
even  accidental  formations  of  small  glands,  occur. 

The  true  glands  of  the  human  body  may,  according  to  the 
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form  of  the  ultimate  elements,  be  classified  under  tlie  following 

divisions : — 

1.  Glands  u-ith  shut  vesicles,  which  burst  occasionally,  or  remain 
constantly  shut.    Ovaries,  thyroid. 

2.  Glands  lohose  parenchyma  consists  of  reticulated  cells.  Liver. 
3-  Racemose  glands,  in  which  collections  of  roundish  or  elongated 

vesicles  are  seated  upon  the  ultimate  terminations  of  the  excretory 
ducts. 

a.  Simple,  with  one  or  some  few  lobules.  Mucous  glandules, 
sebaceous  glands.  Meibomian  glands. 

h.  Compound,  with  numerous  lobides.  Lacrymal  glands,  sali- 
vary glands,  pancreas,  prostate,  Cowper's  and  Bartholine's  glands, 
mammary  glands,  lungs. 

4.  Tubular  glands,  whose  secerning  elements  have  the  form  of 
tubes. 

a.  Simple,  consisting  of  but  one  or  some  few  tubes,  terminating 
in  blind  extremities.  Tubular  gastric  and  intestinal  glands, 
uterine  glands,  sudoriferous  and  ceruminous  glands. 

h.  Compound,  with  numerous  branches,  and,  perhaps,  reticularly 
united  canals.    Testicles,  kidneys. 

Literature.— Z .  Müller,  Be  Glandularum  Secernentium  Structura  Penitiori. 
Lips.  1830  ;  H.  Meckel,  J/ilT0^rapA2e  einiger  Drüsenapparate  niederer  Thiere, 
in  Müll.  Arch.  1846;  Fr.  Leydig's  Comparative  Anatomical  Treatises  in 
Zeitsch.  f.wlss.  Zoologie,  and  Untersuch,  über  Fische  und  Reptilien.  Berl.  1853. 

2.  Tissues  of  Connective  Substance. 

§  22.  General  Characters  of  Connective  Substance. — The  tissues 
belonging  to  this  group,  viz.,  mucous  tissue,  cartilage,  elastic  and 
connective  tissue,  as  also  the  tissue  of  the  bones  and  teeth,  present, 
both  in  a  histological  and  chemical  point  of  view,  such  manifold  dif- 
ferences, that  it  is,  properly  speaking,  only  the  genetical  connection 
between  them,  and  their  correspondence  in  f  miction,  which  keeps  them 
together.  In  the  latter  respect,  connective  substance  serves  as  a  sup- 
port and  investment  for  all  the  other  parts  of  the  body,  and  might  even 
be  designated  with  a  still  more  general  expression,  viz.,  'substance  of 
support,'  or  '  sustentativc  substance.'  As  such,  it  forms,  firstly, 
the  sohd  framework  of  the  whole  body  (cartilages,  bones  and  liga- 
ments of  the  internal  skeleton;  the  external  skeleton —  except  the 
horny  structures  —  free  cartilages  and  bones  of  internal  parts) ;  se- 
condly, the  investment  of  groups  of  organs,  single  organs  or  parts 
of  organs  (corium,  mucous  membranes,  fibrous  membranes,  sheaths 
of  muscles,  nerves  and  glands,  vessels) ;  thirdly,  and  lastly,  a 


SECT.  22.] 


CONNECTIVE  TISSUES. 


41 


packing  or  connecting  material  between  individual  organs  and 
parts  of  organs  (adipose  tissue,  medulla  of  bone,  loose  areolar 
tissue_,  vitreous  humour,  tendons).  With  regard  to  the  genetical 
connection  between  the  different  tissues  of  connective  substance,  it 
is  not  to  be  considered  as  if  one  of  these  tissues  were  the 
highest  which,  during  its  development,  runs  successively  through 
the  form  of  all  the  others ;  on  the  contrary,  this  connection  rather 
lies  in  the  circumstance  that  they  are  developed  from  a  similar 
genetic  matter,  in  several  parallel  series,  of  which  the  members 
can  be  transformed  into  each  other.  If  we  start  from  the  em- 
bryonal cellular  tissue,  from  which  the  connective  substance  is 
developed,  we  obtain  three  members  of  the  first  series,  viz.,  mucous 
tissue,  cartilage^  and  connective  tissue,  including  elastic  tissue.  In 
the  two  former,  the  embryonal  cells  have  proceeded  uniformly  in 
their  development,  in  the  one  case  to  cartilage-cells,  in  the  other 
to  ceUs  of  mucous  tissue,  an  intermediate  substance  having  at 
the  same  time  arisen  between  them ;  whilst  in  connective  tissue, 
they  become  transformed  essentially  according  to  two  types,,  and 
are  converted,  firstly,  into  connective  tissue  corpuscles,  and, 
secondly,  into  the  proper  cells  of  connective  tissue;  the  latter 
of  which  pass  into  the  fibrous  matrix  of  this  tissue,  whilst  the 
other  either  persist  as  cells,  or  are  converted  into  elastic  fibres. 
Now  these  three  tissues  are  intimately  related  in  so  far  as, 
firstly,  cartilage  and  mucous  tissue,  as  comparative  histological  and 
pathological  facts  ( Virchow )  more  especially  prove,  present  tran- 
sitions, and  may  probably  even  be,  in  certain  cases,  converted  into 
one  another ;  secondly,  they  are  also  capable  of  becoming  trans- 
formed into  connective  tissue^  which  is  evidently  the  highest  form, 
as  the  phenomena  seen  in  the  formation  of  the  medulla  of  cartilage 
seem  to  prove.  With  regard  to  connective  tissue,  on  the  other 
hand,  it  cannot,  owing  to  its  complex  structure,  be  directly  trans- 
formed into  cartilage  and  mucous  tissue ;  but  it  very  frequently 
happens  that,  firstly,  its  corpuscles  assume  all  the  characters  of 
cartilage-cells,  as  in  fibro-cartilage,  and,  secondly,  that  together 
with  its  fibrous  substance  arising  from  the  cells,  a  homogeneous 
substance,  containing  mucus  and  albumen,  develops  itself,  as  in  the 
gelatinoid  embryonal  connective  tissue,  which,  perhaps,  also  occurs 
as  a  gelatiniferous  substance,  or  is  converted  into  such  in  certain 
cases,  so  that  the  affinity  of  connective  tissue  with  cartilage  and 
mucous  tissue  is  not  to  be  mistaken.  It  is  in  no  way  inconsistent 
with  this  intimate  connection  of  the  three  tissues  in  question,  that 
each  of  them,  in  the  further  course  of  development,  may  arrive  at 
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forms  whicli  present  an  important  difference  from  the  other  t^yo, 
and  seem  to  render  a  metamorphosis  into  them  impossible.  As 
already  remarked,  these  three  tissues  do  not  represent  so  many 
evolutional  forms  belonging  to  one  and  the  same  series,  but  rather, 
as  it  were,  parallel  conditions  manifesting  themselves  throughout  a 
larger  group  of  tissues.  Instances  of  such  peculiar  forms  are  af- 
forded by  the  mucous  tissue  when  its  cells  have  vanished,  reticular 
cartilage,  and  elastic  tissue,  in  which  last  the  gelatiniferous  or  white 
fibrous  tissue  is  reduced  to  insignificance,  and  the  specially  trans- 
formed corpuscles  come  to  predominate. 

A  more  important  proof  of  the  intimate  connection  of  the  three 
tissues  in  question  is,  that,  firstly,  all  are  capable  of  passing  into 
osseous  tissue ;  and,  secondly,  they  are  verij  frequently  substituted, 
the  one  for  the  other,  in  the  animal  series.    With  regard  to  the 
former  point,  the  recent  investigations,  since  those  of  Sharpey  and 
myself,  have  shown  with  certainty  that  not  only  cartilage,  but 
even  connective  tissue,  may  be  converted  into  true  bone,  in  which 
case  its  fibrous  substance  becomes  ossified,  and  the  corpuscles  are 
transformed  into  bone-cells.    Mucous  tissue  likewise  appears,  at 
least  in  abnormal  conditions,  capable  of  conversion  into  bone,  as 
seen  in  ossifications  occurring  in  the  vitreous  humour;  so  that  all 
the  three  members  of  the  first  series  of  connective  substance,  how- 
ever different  they  may  be,  may  all  lead  to  a  similar  result.  All 
forms  of  connective  substances  can,  likewise,  mutually  take  the 
place  of  each  other  in  one  and  the  same  organ,  as  is  more  especially 
observable  in  the  skeleton,  which  appears  in  almost  every  modifi- 
cation of  connective  tissue,  cartilage,  and  bone ;  further,  in  the 
skin,  which  not  only  repeats  the  different  forms  of  mucous  and 
connective  tissues,  but  also  presents  osseous,  and  cartilaginous,  and 
even  dental  formations  of  the  most  diverse  kinds. 

If,  after  this  general  consideration,  we  cast  a  glance  at  the  indi- 
vidual parts  which  enter  into  the  composition  of  connective  sub- 
stances, we  observe  the  following :— The  matrix,  occurring  in  all 
of  them,  presents,  in  its  development,  two  essentially  different 
types.  In  connective  tissue  it  is  chiefly  formed  by  a  coalesceiice  of 
elongated  (perhaps,  also,  round)  cells,  whilst  in  mucous  and  carti- 
laginous tissue  it  is  more  especially  intercellidar  substance.  Yet, 
even  in  connective  tissue,  there  is  formed,  in  certain  cases  (in  ge- 
latinoid  connective  tissue),  along  with  the  matrix  proceeding  from 
cells,  a  distinct  intercellular  substance ;  while,  on  the  other  hand, 
in  cartilages,  the  external  secondary  membranes  of  the  cartilage- 
cells  participate  in  the  formation  of  the  intermediate  substance. 
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Apart  from  this,  the  matrix  of  the  different  connective  substances 
agrees  very  much,  being  found,  in  different  degrees,  homogeneous, 
finely  granular,  striated,  or  even  made  up  of  separable  fibrillee,  and 
in  every  degree  of  consistency,  being  mucous,  gelatinous,  firm,  or 
even  of  cartilaginous  and  bony  hardness. 

In  a  chemical  point  of  view,  the  variations  of  connective  sub- 
stance are  just  as  great ;  for  although  it  is  found  in  many  cases 
(bone,  dentine  and  cement,  true  cartilage,  and  connective  tissue 
generally)  to  yield  gelatine  and  chondrin,  yet  the  gelatinous  com- 
position of  the  matrix  cannot  by  any  means  be  acknowledged  as 
characteristic  of,  and  essential  to  connective  substances;  such  a 
composition  being  wanting  in  many  of  them  (connective  substance 
of  invertebrate  animals,  mucous  tissue,  central  masses  of  the  in- 
tervertebral cartilages,  gelatinous  tissue  of  fishes,  homogeneous  con- 
nective tissues  of  vertebrate  animals,  in  part,  etc.).  No  accurate 
chemical  distinctive  character  of  the  matrix  of  connective  sub- 
stances can  as  yet  be  given ;  for  although  we  know  that  it  contains 
mucus,  albumen,  and  colloid  substances  (in  the  intervertebral  liga- 
ments, Virchoiü),  chondrin,  gelatin,  and  a  body  similar  to  the 
substance  of  elastic  tissue,  yet  not  much  is  gained  by  this ;  and,  as 
Reichert  very  properly  remarks  {Bindeg.  p.  185),  the  task  imposed 
upon  us  consists  rather  in  demonstrating  the  genetical  connection 
between  these  matters,  and  in  showing  that  they  are  capable  of 
being  converted  into  one  another,  as  has  been  already  stated,  with 
reference  to  the  histological  elements  of  connective  substances. 
Nevertheless,  this  much  may  be  remarked,  that  just  as  cartilage, 
bone,  and  fibrous  connective  tissue  appear  as  the  highest  forms  of 
connective  substances,  so  also,  in  a  chemical  point  of  view,  gelatin 
may  be  regarded  as  distinctive  of  a  fully  formed  basal  substance. 

The  cells  scattered  in  the  matrix  of  the  connective  tissues  are  of 
different  kinds.  By  far  the  most  interesting  are  those  which  may 
be  designated  by  the  general  expression,  cells  of  connective  substance. 
These  cells,  in  fact,  occur  in  all  structures  formed  of  connective 
substance,  and  present  a  great  uniformity  in  their  several  develop- 
mental conditions,  as  well  as  in  their  physiological  significance. 
From  the  round  shape  which  they  possessed  originally,  and  even 
retain  in  mucous  tissue  and  most  cartilages,  they  pass  into  the 
spindle  or  stellate  form  (cartilage  cells  of  the  cephalopoda,  of  certain 
cartilaginous  fishes,  of  enchondromatous  tumours,  connective-tissue- 
corpuscles  in  the  different  forms  of  the  connective  tissue),  and  may 
even  become  connected  with  each  other,  to  form  anastomosing 
canals.    Further,  as  long  as  they  possess  the  round  form,  they 
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very  frequently  present  the  peculiarity  of  excreting  secondary 
membranes,  and  thus  become  transformed  into  thick-walled  ve- 
sicles (cells  in  the  true  and  reticulated  cartilages,  cartilage-cells  in 
connective  tissues),  which  are  even  capable  of  being  metamorphosed 
similarly  to  the  lignified  and  dotted  vegetable  cells  (cartilage-cells 
in  rachitic  bones).  When  connective  substance  ossifies,  the  cells 
mentioned  pass  into  different  forms,  as  round,  stellate,  or  elongated, 
as  into  the  lacunae  and  canaliculi  of  bone,  or  the  tubules  of  the 
teeth,  and  then  serve  to  transport  the  nourishing  fluid  into  these 
structures ;  a  function  which,  moreover,  they  possess  in  many  con- 
nective tissues  and  in  the  cartilages,  except  that  here  they  are  not 
always  so  favourably  constituted  for  this  purpose.  In  connective 
tissue  these  cells  frequently  contain  pigment,  and  all  pigment-cells 
of  connective  substance  belong  to  this  category.  But  while  all 
these  cells,  viz.,  those  of  mucous  tissue  and  cartilage,  colourless  and 
pigmentous  corpuscles  of  connective  tissue,  bone-cells,  and  dental 
canals,  thus  agree  in  all  essential  points,  there  occur,  nevertheless, 
in  certain  connective -tissue-corpuscles,  further  peculiar  metamor- 
phoses, by  which  they  are  ultimately  converted  into  elastic  fibres, 
between  which  and  the  conneetive-substance-cells  of  other  tissues 
no  points  of  comparison  are  any  longer  discoverable.  With  regard 
to  the  chemical  nature  of  the  cells  of  connective  substance,  this 
much  is  certain,  that  their  membranes  consist  originally  of  a  protein 
compound,  but,  in  the  course  of  development,  are  frequently  con- 
verted into  a  substance  very  closely  allied  to  that  of  elastic  tissue, 
whose  fibres,  indeed,  arise  from  such  cells.  Hence  it  arises  that, 
in  most  connective  substances,  the  cells  can  be  easily  isolated  on 
softening  the  matrix  by  boiling,  or  by  maceration  in  acids  or  caustic 
alkalies.  It  is  only  in  certain  cases  that  the  membranes  of  con- 
neetive-substance-cells seem  to  yield  gelatin,  viz.,  in  the  external 
secondary  membrane  of  cartilage-cells  at  the  period  of  ossification, 
and,  as  it  also  appears,  the  cartilage-capsules  in  reticular  cartilage. 

Besides  the  above  large  and  important  group  of  cells  in  the 
tissue  of  connective  substance,  others  occur,  many  of  which,  how- 
ever, appear  in  such  large  proportions  and  apparent  independence  of 
the  connective  substance,  that  it  is  impossible  to  place  them  in  a 
line  with  the  proper  cells  of  that  substance.  In  this  category  I 
place  fat-cells  of  all  kinds,  the  cells  of  parenchymatous  organs  not 
referable  to  epithelial  formations,  such  as  the  small  cells  in  the 
red  medulla  of  bone,  those  of  the  shut  follicles  of  the  intestine 
and  spleen,  the  parenchymatous  cells  of  the  latter  organ,  and  of 
the  supra-renal  capsules,  the  cells  of  the  lymphatic  glands;  lastly. 
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the  morphological  elements  of  the  lymph  and  of  the  blood,  which 
cells  are  all  directly  contained  in  larger  and  smaller  spaces  of  con- 
nective substance,  certain  of  which,  viz.,  the  capillaries,  have,  on 
account  of  their  origin,  even  been  regarded,  and,  perhaps,  correctly, 
as  homologous  with  the  corpuscles  of  connective  tissue  (Ley dig). 
Of  all  these  the  fat-cells  are  most  intimately  allied  to  connective 
substance,  so  that  we  can  scarcely  but  classify  them  with  the  latter, 
and  designate  adipose  tissue  as  a  form  of  connective  tissue.  If  we 
do  this,  it  is  but  another  step  to  bring  into  the  same  rank  the 
tissues  of  the  lymphatic  glands,  of  the  splenic  pulp,  and  of  the 
red  medulla  of  bone,  in  which  we  find  everywhere,  along  with  the 
cells,  bundles  of  connective  tissue ;  and  there  would  then  result  an 
almost  gradual  transition  to  those  forms  in  which  the  cells  appear 
in  large  numbers,  alone  and  without  any  intermixture  of  con- 
nective substance,  and  are  only  contained  in  large  spaces  of  the 
latter,  like  the  nutritive  fluid  in  the  blood-vessels.  Nevertheless, 
it  appears  to  me  proper,  both  on  histological  and  physiological 
grounds,  to  distinguish  between  supporting,  investing,  and  expletive 
connective  tissues  with  their  peculiar  cells,  and  the  formations 
contained  in  spaces  within  them.  Whether  or  not  these,  like  all 
the  above-mentioned  structures,  arise  with  the  connective  substance 
from  one  primitive  embryonal  basis  (the  middle  germinal  layer, 
Remak),  still  it  is  evident,  that  they,  just  as  well  as  the  muscular  and 
nervous  tissues,  which  likewise  originally  consist  of  such  cells,  are 
entitled  to  a  distinct  place,  which  is  not  altered  by  the  circumstance 
that  certain  of  the  cells  in  question  enter  into  an  intimate  relation 
with  connective  tissue,  and,  like  fat  and  marrow- cells,  even  support 
it  in  its  functions.  The  above-mentioned  spaces  of  connective 
substance  may  (in  contradistinction  to  the  intra-cellidar  cavities 
of  the  connective-tissue-corpuscles,  lacunse  of  bone,  dental  canals, 
etc.),  be  most  fitly  designated  as  its  intercellular  spaces,  and  the 
matters  contained  in  them  as  intercellular  fluid  and  intercellular 
parenchyma. 

Literature. — C.  B.  Reichert,  Vergleichende  BeoMchtungen  I'lber  das  Binde- 
gewele  und  die  verwandten  GeUlde.  Dorpat.  1854.  Virchow,  Identität 
von  Knochen-,  Knorpel-.  u?id  Bindegewel?sk'örj}erche?i,  so  wie  über  Schleimgewehe, 
in  Würzb.  Verhandlungen,  1851,  ii.  p.  1 50  and  314.    Donders,  in  Ned.  Lancet, 

1 85 1,  July  and  August ;  and  Zeitschrift  /.  Wiss.  Zool.  iii.  p.  348.  Kölliker, 
i'lber  die  Entwichelung  der  sogenannten  Kernfasern,  der  elastischen  Fasern  und 
des  Bindegewebes,  in  Würz.  Verh,  iii.  p.  i.    Henle,  in  Canst.,  Jahresb.,  185 1, 

1852.  V.Hessling,  in  Ilhtst.  Med.  Zeitung,  1852,  pp.  54,  124,  162,  C.B. 
Beichert,  Zur  Streitfrage  über  die  Gebilde  der  Bindesubstanz,  in  Müll.  Ä?'ch., 
1852,  p.  521.    Remak,  über  die  Entstehung  des  Bindegewebes  und  des  Knorjyels, 
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in  MiiLL.  Arch.,  1852,  p.  47.  F.  F.  Thierfelder,  de  Bcficncratione  Tcudimnn 
Misenfß,  1852,  Diss.  Luschka,  die  Anatomie  der  vmnnlichen  Brustdrusen,  in 
MÜLL.  Arch.,  1 8 52,  p.  402.    Leydig,  TJnters.  über  Rept.  u.  Fische,  1 8  5 3,  p.  1 1 2. 

§  23.  Mucous  Tissue— By  tliis  name  I  designate  a  tissue  which, 
in  man,  exists  only  in  the  vitreous  body,  but  which  has  very 
probably  an  extensive  distribution  in  the  lower  animals.  It  con- 
sists of  cells  and  a  soft  matrix,  or  even  only  of  the  latter,  as  the 
cells  may  disappear  in  the  course  of  development.  The  cells  are 
round  or  oblong,  and  contain  a  variable  amount  of  matter,  rich  in 
protein ;  while  the  matrix  appears  as  a  homogeneous  or  striated 
mass,  and  owes  its  greater  or  less  consistency  to  the  quantity  of 
mucus  in  its  composition,  which  mucus  appears  to  be  very  different 
in  different  animals.  In  the  vitreous  body  of  the  embryo  and 
child,  which  organ  as  yet  can  alone  be  referred  to  this  tissue,  the 
cells  are  pretty  numerous,  and  uniformly  scattered  throughout  the 
whole  organ ;  whilst  in  fully  formed  animals,  they  are  to  be  found 
only  at  its  surface,  or  are  wholly  wanting.  When  comparative 
histology  is  farther  advanced,  it  will,  doubtless,  be  found  that  many 
other  organs  consist  of  this  tissue;  and  I  may,  for  the  present,  bring 
under  it  the  substance  of  the  disc  of  Medusae,  that  of  the  swim- 
ming bladder  and  other  parts  of  the  Siphonophor^,  etc.  Farther 
investigation  would  also,  without  doubt,  bring  out  a  diversity  of 
chemical  composition ;  and  it  will,  perhaps,  be  necessary  hereafter 
to  select  a  more  general  expression  for  this  tissue. 

The  name  Mueo7(s  Tissue  was  lately  applied  by  Virchow  to  designate  the 
gelatinoid  embryonal  connective  tissue,  and  then  extended  to  that  of  the  vitre- 
ous humour.  In  normal  histology,  there  seems,  for  the  present,  no  reason  for 
assigning  a  place  to  a  form  of  tissue  of  the  composition  of  gelatinoid-connective 
tissue,  since  such  a  one  never  occurs  in  the  fully  developed  body.  ^  I  have,  ac- 
cordingly, reckoned  only  the  vitreous  body  under  the  present  head  in  the  mean 
time.  If,  however,  such  a  tissue  shall  be  found  to  be  permanent  in  animals, 
or  the  requirements  of  pathological  Histology  shall  so  demand,  the  definition 
given  above  can  be  readily  enlarged,  and  a  tissue  classified  under  it,  in  which 
one  part  of  the  cells  has  become  converted  into  a  network,  while  the  others 
have  remained  lying  in  the  muciferous  (albuminiferous)  jelly. 

Literature.— (^om])d.YQ  the  treatises  of  Yirclww,  cited  in  §  23,  then  of  the 
same  author  ;  Notiz  über  d.  Glaskörper  im  Arch.  f.  path.  Anat.  iv.  p.  468.  and 
V.  278. 

§  24.  Cartilage-Tissue.  — The  cartilages  consist  of  a  firm,  but 
elastic,  bluish,  milk-white,  or  yellowish  substance,  which,  in  point 
of  structure,  presents  a  two-fold  condition;  and  appears,  firstly, 
as  a  simple  parenchyma  of  cells ;  and,  secondly,  as  a  cell-tissue  with 
a  matrix  between  the  elements. 


SECT.  24.] 


CARTILAGE-TISSUE. 


47 


In  form,  the  cartilage-cells  present  but  little  that  is  peculiar; 
they  are  mostly  round  or  oblong,  frequently  flattened  or  fusiform^ 
very  rarely  stellate  (in  Cephalopoda,  Rays ;  in  Enchondromatous 
growths) .  Their  membrane  is  delicate  at  first ;  but  subsequently 
becomes,  in  most  places,  covered  on  its  outer  side  with  a  second 
layer,  which  bears  the  same  relation  to  it  as  the  cellulose-mem- 
brane of  vegetable-cells  does  to  the  primordial  utricle.  Accord- 
ingly, there  are  two  parts  to  be  distinguished  in  cartilage-cells  : 
I.  The  proper  cell,  or  the  primordial  utricle  (the  cartilage-corpus- 
cle of  authors),  an  extremely  delicate-walled  cell,  filled  with  con- 
tents sometimes  clear  and  fluid,  sometimes  dark  and  firm,  together 
with  a  nucleus;  and,  2.  The  external  secondary  memhrane,  or  tlie 
cartilage-capside  (the  cartilage-lacima  of  authors),  a  firm,  clear,  or 
yellowish  layer,  formed  by  an  excretion  of  the  primordial  utricle, 
and  closely  suiTounding  the  inner  cell.  By  continued  excretion 
from  the  latter,  deposited  upon  its  inner  surface,  the  outer  cell- 
wall  may  attain  a  laminated  appearance,  and  a  very  considerable 
thickness.  The  contents  of  the  delicate  cartilage-cell  coagulate 
and  shrink  up  on  the  addition  of  many  re-agents,  and  even  of 
water;  so  that  an  interval  is  formed  between  it  and  its  capsule 
(fig.  14 — 1,2),  and  it  becomes  converted  into  a  dark  and  jagged 
corpuscle,  without  any  distinct  nucleus,  the  nature  of  which  it  is 
difiicult  to  recognise. 

In  the  cartilage- cells  we  find,  very  frequently,  a  midtipUcatio?i 
of  cells,  which  process  is  eff'ected  by  division  of  the  primordial 
utricle  within  the  cartilage-capsule.  Around 
the  secondary  cells  there  are  then  formed 
new  cartilage -capsules;  whilst  the  capsules  ^^^^^^ 
of  the  mother -cells  gradually  blend  with  the 
intermediate  substance,  which  accordingly 
owes  its  origin,  in  part  at  least,  to  the  cells. 
The  matrix  is  either  homogeneous,  finely 
granular,  or  fibrous,  even  with  distinct  and 
separable  fibres.  The  chemical  characters  of  r^^^^,^^  ^^^^^.^^  cartoao-e-ceiis 
cartilage-tissue  are  as  yet  but  little  known.  ^^^^^^^ 
This  much  is  certain,  that  the  cells  and  the  SutSr^l*  ¥v<^^in'J^tlZ' 
matrix  do  not  consist  of  the  same  materials;  i;^^"  cartilage,  with  strongly coir- 

tracted  pnmordial  utricle.  3. 

that  is  to  say,  the  membranes  of  the  proper  f^:""^  a'^,  ossifying  cartilage, 

^  X      r        -vvith  unaltered  pnmordial  utri- 

cartilasre-cells  do  not  dissolve  on  boiling,  and       the  two  latter  ceiis  with 

o  _  thin  cartilage  capsule,  one  with 

lonsr  resist  the  action  of  alkalies  and  acids —  thicker.   «.  cartiiage-capsuie. 

o  b.  Primordial  utricle,  with  the 

properties  which  distinguish  them  from  the  ^eii  contents  ami  nucleus,  which 

^     ^  ,    ,  .  m  2  IS  concealed. 

gelatiniferous  substances,  but  approximate 
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them  to  elastic  tissue.  On  the  other  hand,  the  cartilage-capsules, 
or  the  secondary  membranes  of  the  cartilage-cells,  appear  to  pass 
gradually  into  a  gelatiniferous  substance,  as  may  be  concluded 
from  their  becoming  more  or  less  altered  on  boiling,  and  particu- 
larly from  the  capsules  of  the  mother -cells,  which  are  more  or  less 
blended  with  the  matrix,  being  dissolved  by  boiling.  The  contents 
of  the  cells  coagulate  in  water  and  in  dilute  organic  acids,  and  rea- 
dily dissolve  in  alkalies.  The  matrix,  in  the  majority  of  cartilages, 
yields  chondrin;  and  it  is  only  in  reticular  cartilages  that  it  is 
composed  of  a  material  very  nearly  related  to  the  substance  of 
elastic  tissue.  Accordingly,  the  cartilages  which  consist  only  of 
cartilage-cells,  and  reticular  cartilage,  yield,  on  boiling  in  Avater, 
little  or  no  gelatine,  and  the  presence  of  that  substance  is  not 
characteristic  of  cartilage-tissue. 

In  a  physiological  point  of  view,  the  firmness  and  elasticity  of 
cartilage  is  especially  to  be  noticed,  properties  by  which  the  carti- 
lages are  of  use  in  various  ways.  In  groioing  cartilages,  the  nutri- 
tive change  is  very  energetic,  and  in  certain  places  they  always 
contain  numerous  blood-vessels,  in  special  canals,  and,  as  I  have 
shown  in  the  septum  nasi  of  the  calf,  even  nerves.  The  cartilages 
are  developed  from  the  primitive  embryonal  cell- masses;  the  cells 
of  the  latter  becoming  converted  into  cartilage- cells,  and,  at  least 
in  many  cases,  a  homogeneous  intercellular  substance  appearing 
between  them,  which  is  derived  from  transuded  constituents  of 
the  blood.  The  gro2vth  of  cartilage  is  eftected,  firstly,  by  endoge- 
nous cell-multiplication,  traces  of  which  are  always  discernible 
even  in  fully-formed  cartilage ;  and,  secondly,  by  the  deposition  of 
an  intermediate  substance  from  the  blood-plasma,  between  the 
cells,  which  in  every  case  at  first  solely  constitute  the  cartilage. 
The  intermediate  substance,  according  to  Sclma^m's  observations, 
yields  at  first  no  chondrin,  even  in  the  true  cartilages,  and  subse- 
quently increases  more  and  more  in  quantity.  A  growth  of  carti- 
lage, by  the  apposition  of  nno  layers  outside  the  part  of  the  carti- 
lage already  formed^  as  Gerlach  assumes,  has  been  nowhere  proved 
with  certainty.  In  fully  developed  cartilage,  the  change  of  mate- 
rial is  certainly  not  energetic ;  and,  apart  from  the  vessels  of  the 
perichondrium  covering  many  cartilages,  and  those  of  the  adjoin- 
ing bone,  no  special  means  are  provided  for  effecting  such  change, 
except  in  the  cartilages  of  some  mammals  (septum  of  the  nose) 
and  of  the  Plagiostoma ;  in  which  latter,  according  to  Leydig,  even 
in  old  animals,  there  occur  vascular  canals  (ray),  or  anastomosing, 
fusiform,  or  stellate  cartilage-cells  (shark,  chimsera,  acipenser). 
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In  old  age,  the  matrix  of  certain  true  cartilages  is  apt  to  become 
fibrous,  and  to  resemble,  in  its  chemical  characters,  that  of  reticu- 
lar cartilages ;  which,  coupled  with  the  fact,  that,  in  certain  places 
(especially  in  the  arytenoid  cartilages  of  Mammals)  reticular  and 
true  cartilages  pass  continuously  into  each  other,  proves  that  these 
two  kinds  of  cartilage  are  not  decidedly  separated  from  each  other. 
In  old  age,  it  is  not  at  all  unusual  for  tlie  true  cartilages  to  ossify, 
vessels  and  medulla  being  at  the  same  time  developed  in  them. 
The  cartilages  do  not  possess  the  poiv er  of  regeneration,  and  ivoimds 
of  cartilage  are  not  healed  hy  cartilage-substance ;  on  the  other 
hand,  accidental  formations  of  cartilage  are  by  no  means  rare. 
The  different  kinds  of  cartilage-tissue  are  the  following: — 
a.  Cartilage-tissue  without  any  basal  substance,  or  cartilage- cell- 
parenchyma.  To  this  head  belongs  the  chorda  dorsalis  of  embryos, 
and  of  many  fully  developed  fishes ;  further,  many  foetal  cartilages, 
the  cartilages  of  the 


branchial  laminse  of 
fishes,  in  part,  and 
those  of  the  external 
ear  of  many  Mammals. 

h.  Cartilage-tissue 
with  a  matrix. 

I.  With  a  more  homo- 
geneous matrix, yielding 
chondrin,true  cartilage, 
hyaline  cartilage  (fig.  15). 

Fig.  16. 


Fig.  15. 


cartilage ; 


lilied  350  times. 


I  tlie  cricoid 


A  piece  of  tlie  human  epiglotti, 
350  times. 


This  is  found  in  the  larger  cartilages 
of  the  respiratory  organs,  in  those 
of  the  joints,  in  the  costal  and  nasal 
cartilages,  as  well  as  immediately 
covering  the  bones  in  all  sym- 
physes and  synchondroses,  on  the 
sulcus  ossis  cuboidei,  and  in  the  car- 
tilages of  ossification  in  the  foetus. 

2.  With  a  fibrous  connecting  mass, 
yielding  little  or  no  chondrin.  Reticu- 
lar cartilage.  Yelloiu  cartilage  (fig. 
16);  fibro-cartilages inpart, e pigiottis, 
cartil.  Santoriniance,  Wrisbergiance. 
Cartilage  of  the  ear  and  of  the 
Eustachian  tube,  intervertebral  liga- 
ments in  part. 

E 
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The  recognition  of  the  true  structure  of  the  cartilage-cells  is  of  quite  recent 
date,  and  first  became  possible  when  observers  began  to  scrutmise  more 
closely  the  relation  of  the  cellular  elements  to  each  other  in  connective  tissue, 
cartilage,  and  bone.    It  was  first  demonstrated  by  Virchorv,  that  the  cartilage- 
corpuscles  of  authors,  or  the  contents  of  the  cartilage-lacunse,  are  really  deli- 
cate-walled  cells,  and  not  merely  cell-contents,  as  had  been  generally  assurned. 
Now,  since  it  had  been  previously  shown  by  myself  and  others,  in  opposition 
to  Beichert  and  Bergmann,  that  tlie  cartilage  lacunae  possess  distinct  waib;, 
and  are  separable  cellular  structures,  it  was  but  natural  to  apply  the  doctrine 
of  the  primordial  utricle,  and  of  the  external  secondary  cell-membranes,  to 
cartilage-cells,  as  was  accordingly  done  by  Bcniak  and  myself  (see  antea). 
The  primordial  utricle  of  the  cartilage-cells  is  most  readily  observable  in 
reticular  cartilages  ;  and,  owing  to  their  pecuhar  matrix,  these  are  also  best 
adapted  for  convincing  the  most  incredulous  of  the  existence  of  cartilage 
capsules  as  distinct  structures  different  from  the  matrix,  and  belonging  to  the 
cartilage-cells.    In  true  cartilages,  moreover,  the  cartilage-capsules  can  fre- 
quently be  very  readily  isolated,  particularly,  as  Bonders  long  ago  pomted  out, 
by  boiling,  and  the  proper  cartilage-cell  also  recognised,  the  latter  especially 
in  ossif y ing  cartilages  (Fir(?Äö w)- 

Literature.— Megkaver,  Be  pcnitiori  Cartilaginum  Structurd  i)m.,Vratisl., 
1836  J.  MÜLLER,  in  Boggendorfs  Armakn,  1836,  p.  293.  Rathke,  m  Fror. 
Not  184.7  p  306.  A.  BERG^iA^i^^,  Be  Cartilaginibus  B2sq.  vncr.,  UitQ.xii2, 
18^0  Compare,  further,  the  Treatises  of  Vircho7V  and  Bemak,  cited  above 
under  Connective  Tissue  ;  also  F.Hoppe,  über  die  Gewebelemmte  der  Knorpel, 
Knochen  und  Zähne,  in  Virchow's  Arch.,  v.  p.  170. 
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Elastic  Tissue.— The  elements  of  tlie  elastic  tissue  are 


Fig.  17. 


darkly  contoured,  cylindrical  or  riband-like 
fibres,  varying  in  their  diameter  from  immea- 
surable fineness  to  0-003'",  or  even  0-005'"  (in 
animals  even  0-008"')  in  thickness,  and  when 
they  lie  together  in  masses,  presenting  a 
yellowish  colour.  These  elastic  fibres,  as  they 
are  called,  are,  when  fully  formed,  completely 
solid,  but  may  subsequently  contain  small  ca- 
vities at  certain  places,  which  in  one  animal, 
the  giraffe  (Quekett,  Histological  Catalogue, 
i.),  appear  so  regular,  that  the  fibres  acquire  a 
Elastic  network,  from  the  "hpo iitiful  transversclv  stripcd  appearance.  The 

<Mmca  media  of  the  pulmo-    ^^cciuu  x  ,      .  .     n^  ^,1«  r>.ii^fo 

navy  artery  of  the  horse,  bordcrs  of  thc  clastic  fibrcs  arc,  as  a  rule,  quite 

with  holes  in  the  fibres;  .  •  r^v 

magnified  350  times.  evcn,  but  appear,  m  rarer  cases,  jaggea,  or, 
as  Virchow  observed  in  newly-formed  tissues,  even  beset  with  very 
many  longer  and  shorter  pointed  processes.  Hitherto  the  nuclear 
fibres  have  been  separated  from  the  elastic  fibres.  Since,  however, 
the  former  differ  in  nothing  but  their  diameter  from  the  latter ; 
further,  since  all  elastic  fibres  are  originally  just  as  fine  as  the 
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nuclear  fibres ;  and  since,  lastly,  the  latter  are  not  developed  from 
nuclei  alone,  it  is  better  to  discard  the  name  Fig  is. 

nuclear  fibres  entirely,  and  to  divide  the 
elastic  fibres  into  finer  and  thicker. 

The  elastic  fibres  occur  either  isolated  as 
longer  or  shorter  fibres,  straight  or  spirally 
wound  round  other  parts  (bundles  of  con- 
nective tissue,  nerves),  and,  in  this  case, 
usually  belong  to  the  finer  kind ;  or,  anasto- 
mosing^ with  fibres  of  various  thickness,  and 
then  form  the  so-called  elastic  fibrous  network 
(fig.  18).  This  is  sometimes  spread  out  in  form 
of  a  membrane,  and  sometimes  traverses 
other  tissues  at  dififerent  depths.  The  elastic 
membranes  represent  a  modification  of  this 
elastic  fibrous  network,  in  which  the  fil)res  ,  Network  of  fine  elastic  fibres, 

^  from  the  peritoneum  of  a  child. 

are  so  densely  interwoven  as  to  give  rise  to  Magnified  350  times, 
a  continuous  membrane,  which,  in  extreme  cases,  retains  no  indi- 
Fig.  19.  cation  of  its  former  nature,  and  appears  as  a  per  - 

iy  \  5L>f;  71'"'    ^^^^^J  homogeneous  membrane  with  small  open- 
/^l)  ^W  'a    ifigs  (fenestrated  membrane,  Ilenle)  (fig.  19). 


f^fevO"^'  chemical  relations,  elastic  tissue  pre- 

j^f^'j^'^r{^i  sents  very  definite  reactions,  still  the  compo- 
/i' uMl'*?'r^'S^*i'' ^    ^^^^^^  substance  is  not  yet  accurately 


known.    In  cold  concentrated  acetic  acid,  the 
elastic  fibres,  except  that  they  swell  out  some- 
'<ti-     what,  are  not  at  all  aftected ;  on  the  other  hand, 
Elastic  membrane,  from  by  some  days  coutinucd  boiling  in  the  acid, 

the  tunica  media  of  the  ca.-    ,-,  i      n        t       i  -xt-     •  •  ->  ^ 

rotid  of  the  horse.  Magni-  ttiey  gradually  dissolve.    Nitric  acid  renders 

fied  350  times.  ,  i,  r-n 

them  yellow ;  Ali  I  Ion  s  re- agent  lor  protein  e 
compounds,  red ;  whilst  they  are  not  reddened  by  sulphuric  acid  and 
sugar.  In  moderately  concentrated  solution  of  caustic  potash, 
elastic  tissue  remains  for  a  long  time  unaltered  in  the  cold,  except 
that  it  swells  up  and  becomes  somewhat  pale;  on  being  heated 
with  that  solution  for  days,  it  is  transformed  into  a  gelatinous 
mass.  This  tissue  does  not  dissolve  in  water,  even  when  boiled 
for  sixty  hours;  but  after  being  boiled  for  thirty  hours  at  160° 
(320°  F.)  in  Fapins  digester,  it  is  converted  into  a  brownish  sub- 
stance, smelling  like  gelatine,  but  not  gelatinizing,  which  is  pre- 
cipitated by  tannic  acid,  tincture  of  iodine,  and  corrosive  subli- 
mate, but  not  by  the  other  tests  of  chondrin. 

In  3.  physiological  point  of  view,  we  have,  above  all,  to  notice  the 

E  2 
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Fig.  20. 


great  elasticity  of  this  tissue,  by  wliicli  it  supports  very  essentially 
the  motory  organs,  and  also  plays  an  important  part  in 
other  respects,  e.  g.,  in  the  vocal  cords.    AVith  regard 
to  its  development,  the  supposition  of  Sclncann,  that 
this  tissue  arises  from  cells,  is  rendered  more  and 
more  probable  by  the  more  recent  investigations. 
In  fact,  in  all  parts  of  the  embryo  Avhich  afterwards 
contain  elastic  tissue,  peculiar  fusiform  or  stellate, 
and  sharply-pointed  cells  can  be  recognised,  which, 
by  their  coalescence,  produce  long  fibres  or  networks,^ 
in  which  the  situation  of  the  body,  or  central  part,  of 
the  original  cell  may  for  some  time  be  distinguished  by 
a  swelling  of  the  fibre,  with  an  elongated  nucleus  in 
the  interior.    The  fibres  not  nnfrequently  persist  in 
this  condition  of  stellate  anastomosing  cells,  or  con- 
nective tissue-corpuscles  [Virchow),       e.g.,  m  the 
/     '         tendons  and  the  cornea,  in  ligaments  and  ligamentous 
' ,  ,  ,  discs,  in  the  corium,  in  mucous  membranes,  etc. ; 

stellate  formative   ^^»'-■='5  ^  «  n      p  i     1     j.-^  äI...^^, 

cells,  of  fine  elastic  •    ^^liich  placcs,  morcovcr,  fully  formed  elastic  übies 

fibres,    from    the         '  r  '  "  n  n^f 

tendo-Achiiiis  of  a        g-encrallv  prescut.    In  other  cases,  every  trace  01 

newly-born    child.    "^'^  &  J  r 

Magnified 350 times,  ^j^g^j.  former  ccllular  nature  disappears,  so  tnat  uni- 
form fibres,  or  fibrous  networks,  arise.  These  may  then  persist 
throughout  life  as  fine  elastic  fibres  and  networks,  or,  by  mcrease 
in  thickness,  pass  into  the  coarser  form  of  this  tissue.  The  homo- 
P-eneous  elastic  membranes  are  nothing  but  close  elastic  networks, 
the  fibres  of  which  have  become  so  broad  that  only  narrow  spaces 
remain  between  them.  The  fully  developed  elastic  tissue  appears 
scarcely  to  be  subject  to  any  nutritive  change  of  material;  at  any 
rate,  it  is,  in  the  ordinary  sense,  non-vascular,  even  when  m  large 
masses.  On  the  other  hand,  Virchows  supposition,  that  the  unde- 
veloped forms  of  this  tissue,  particularly  the  connective-tissue-cor- 
puscles, contain  juices,  and  help  in  efi-ecting  nutrition,  is  obviously 
well  founded ;  and  we  may,  perhaps,  be  warranted  m  placing  them, 
physiologically,  on  a  parallel  with  the  fine  canahcular  system  in 
the  bones  and  teeth ;  on  which  account  I  will  call  them  plasm-cells, 
and  their  processes  plasm-tubes.  It  is  not  known  that  the  elastic 
tissue  is  ever  regenerated  ;  on  the  other  hand,  new  formations  of  it 
are  not  rare. 

The  elastic  fibres  rarely  appear  in  large  masses,  but  are  Ire- 
quently  found  intermixed  with  connective  tissue,  either  m  the  form 
of  isolated  fibres,  or  of  networks  of  various  kinds.  As  true  elastic 
organs,  are  to  be  mentioned  — 
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a.  The  elastic  ligaments^  in  which  the  tissue^  with  but  a  slight 
intermixture  of  connective  tissue,  and  ahnest  without  vessels  and 
nerves,  occurs,  so  to  speak,  pure.  To  this  division  belong  the 
Ugamenta  suhflava  of  the  vertebrae,  the  lig.  nuclice,  certain  liga- 
ments of  the  larynx,  the  stylo-hyoid  ligament,  and  the  suspensory 
ligament  of  the  penis. 

h.  The  elastic  membranes,  which  either  appear  as  fibrous  net- 
Avorks,  or  as  fenestrated  membranes_,  and  occur  in  the  coats  of  the 
vessels,  particularly  in  those  of  the  arteries,  in  the  trachea  and 
bronchi,  and  in  ih.Q  fascia  superficialis. 

Literature.— K.'EjJismBERQ,  De  Tela  elastica,  Berol.  1836.  See  also  the 
Treatises  cited  in  §  24. 

§  26.  Connective  or  Areolar  Tissue. — The  elementary  parts  found 
in  connective  tissue  may  be  divided  into  such  as  are  essential  and 
never-failing,  and  such  as  are  more  accidental,  or  occurring  only 
in  certain  places.  To  the  former  belong  the  proper  connective  or 
areolar  tissue,  with  its  sometimes  more  homogeneous,  sometimes 
fibrous  substance,  as  also  the  more  homogeneous  connective  tissue; 
to  the  others  are  to  be  reckoned  the  cells  of  connective  substance 
occurring,  it  is  true,  almost  everywhere,  in  diff*erent  forms,  as  plasm- 
cells,  cartilage-cells_,  or  elastic  fibres,  also  the  fat-cells  and  certain 
other  cells  without  any  well-defined  character.  Besides,  many  con- 
nective tissues  also  contain  a  not  inconsiderable  quantity  of  an  in- 
terstitial substance.  The  proper  connective  tissue  usually  appears  as 
fibrous,  and  breaks  up,  more  or  less  distinctly,  into  small  divisions 
—  the  bundles,  —  each  of  which,  again,  consists  of  a  number  of  very 
fine  fibrils.  The  fibrils  are  distinguished  from  the  finest  elastic 
fibres  and  muscular  fibrils,  which,  in  other  respects,  resemble  them 
most,  by  their  small  diameter  (0-0003'"  0-0005'"),  their  pale 
colour,  their  homogeneous  appearance,  and  the  entire  absence  of 
striation.  They  are  held  together  by  means  of  a  small  quantity 
of  a  clear  uniting  matter,  and  thus  form  the  bundles,  as  they  are 
called,  which  resemble,  in  many  respects,  those  of  the  transversely 
striped  muscles,  yet  diff'er  from  them  by  the  absence  of  a  special 
envelope,  such  as  the  sarcolemma,  and  by  their  smaller  average 
diameter  (0*004'"  to  0-005"').  They  are  either  long,  shghtly 
undulating  cords,  of  equal  thickness  throughout,  which  are  not 
connected  with  each  other  directly,  but,  being  arranged  in  various 
ways,  parallel  to  and  over  each  other^  form  large  secondary  and 
tertiary  bundles  and  lamellse;  or  they  coalesce  to  form  a  mesh- 
work  similar  to  an  elastic  network,  and  constitute  what  I  have  called 
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the  reticular  connective  tissue 
Fie.  21. 


In  other  cases,  but  less  commonly, 
the  bundles  do  not  appear  to  be 
composed  of  distinct  fibrils,  but  are 
f.4Pj^{.  more  homogeneous,  as  in  the  neuri- 

'        '  lemma,  ^vhere  they  are  known  as 

,^    ^        ^  BemaJz's  fibres.    Besides  this  form 

>»Älilyfe^^      of  areolar  tissue,  there  exists  a  se- 
Mii'm^^  coud  rarer  one,  in  which  neither 

bundles  nor  fibiillse  can  be  clearly 
distinguished,  and  there  is  nothing 
but  a  finely  granular,  or  slightly 
striated,  or  even  quite  homogeneous 
clear  substance,  spread  out  in  the 
form  of  a  membrane,  or  appearing 
in  large  masses  —  homogeneous  (or 
Eeicherfs)   connectii-e  tissue.  The 
other  elements  occurring  in  connec- 
tive tissue,  except  the  already  men- 
tioned plasm-ceils  and  their  deriva- 
tives, ofier  nothing  requiring  to  be 
noted  here,  and  will  be  spoken  of  in 
their  proper  place,  in  the  special 
part  of  the  work.    Y\'e  may  now  only  further  mention,  that  the 
plasm-cells  and  fine  elastic  fibres  are  veiy  regularly  distributed  in 
many  of  the  fibrous  forms  of  connective  tissue,  and  principally 
run 'regularlv  between  the  bundles,  the  demarcation  of  which 
chiefly  depends  upon  these  elements.    An  interstitial  substance  is, 
perhaps,  also  present  in  small  quantity  between  the  bundles  in  all 
krnds  of  connective  tissue,  although  it  cannot  be  directly  demon- 
strated in  the  more  compact  forms;  on  the  other  hand,  it  is  not 
unfrequentlv  distinguishable  in  loose  connective  tissue,  yet,  m 
certain  cases,  it  is  not  easy  to  say  whether  it  is  to  be  regarded  as 
an  amorphous  substance,  or  as  homogeneous  connective  tissue 
derived  from  cells. 

In  its  chemical  relations,  the  connective  tissue  is  well  known. 
The  proper  connective  substance  yields,  on  boiling  with  water, 
ordinary  gelatine.  There  is  also  a  fluid  contained  in  its  tissue,  the 
composition  of  which,  on  account  of  its  small  quantity,  has  not 
vet  been  investigated.  It  is  only  where  it  is  collected  in  larger 
amount,  as  in  the  gelatinous  connective  tissue  of  embryos,  that 
the  presence  of  much  albumen  and  mucus  in  it  can  be  readily 
demonstrated.    The  chemical  constitution  of  homogeneous  con- 


Loose  areolar  rlssue,  with  fat-i.erj 
Masnified  350  times. 
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nective  tissue  is  less  known ;  but  it  would  seem,  in  many  places, 
to  approach  the  elastic  tissue  in  its  composition. 

Connective  tissue  is,  according  to  its  nature,  serviceable  in  the 
animal  frame,  sometimes  as  a  firm,  unyielding  substance,  some- 
times as  affording  a  soft  support  to  vessels,  nerves,  and  glands, 
and  sometimes,  finally,  as  a  pliant  material,  filling  up  interstices, 
and  facilitating  change  of  position.  Wherever  elastic  elements 
occur  in  it  in  large  quantity,  its  purpose  is  altered ;  and  when  it 
contains  a  large  number  of  fat-cells,  or  cartilage-cells,  it  attains  a 
softness  or  a  resistance  not  occurring  elsewhere. 

Connective  tissue  is  invariably  developed  from 
cells,  —  the  fibrous  form  from  fusiform  or  stel- 
late vesicles,  which  unite  to  form  long  fibres  or 
networks,  and,  at  the  same  time,  break  up 
into  fibrillie,  frequently,  even,  before  their  coa- 
lescence.   The  mode  in  which  this  happens  is 
not  yet  quite  made  out,  still  it  is  most  proba- 
ble that  the  cells,  contemporaneously  with  their 
elongation,  pass,  with  their  membranes  and 
contents,  into   a   homogeneous,  pulpy  mass, 
which  then  breaks  up  into  a  bundle  of  fme 
fibrils  and  a  small  quantity  of  uniting  sub- 
stance.    The  homogeneous  connective  tissue 
has,  as  yet,  been  but  little  followed  in  its  de- 
velopment ;  but  wherever  it  is  collected  in  large 
masses,  it  appears,  in  general,  to  arise  like  the 
other,  by  the  coalescence  of  round  or  elongated 
cells,  in  which  the  metamorphosis  has  only  gone 
the  length  of  forming  a  homogeneous  mass,  but 
not  of  fibrillation.    On  the  other  hand,  certain 
homogeneous  membranes  of  connective  tissue  ^^l^^'^Z^^^t^^^^- 1 
are,  perhaps,  to  be  regarded  as  representing  with  distinct  fibrus. 
merely  an  intercellular  substance.    When  the  bundles  of  con- 
nective tissue  have  once  begun,  they  increase  in  length  and 
thickness,  like  the  elastic  fibres,  till  they  have  attained  the  size 
which  they  possess  in  the  adult;  and  subsequently,  also,  there 
arise  in  many  places,  new  elements  which  become  connected  with 
those  already  present.    The  perfect  connective  tissue  is,  when 
unmixed,  almost  destitute  of  vessels,  and  as  to  nutrition,  stands  in 
any  case  very  low  in  the  scale  ;  on  which  account,  it  is  scarcely  ever 
the  subject  of  diseased  processes.    It  is  different  with  the  vascular 
connective  tissue;  but  in  this  case  the  morbid  changes  do  not 
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Formative  cells  of  areolar 
tissue,  from  the  skin  of  the 
trunk  of  a  sheep's  embryo, 
seven  lines  long  ;  magnified 
350  times,    a.  Cell  without 
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depend  upon  any  pecnliar  condition  of  the  connective  tissue  itself, 
but  are  occasioned  by  the  vessels,,  fat-cells,  etc.,  contained  in  it. 
Among  the  higher  elementary  parts,  the  bundles  of  the  connective 
tissue  and  the  elastic  fibres  stand  lowest  in  the  scale,  and  are,  ac- 
cordingly, regenerated  with  the  gi-eatest  facility. 

The  combination  of  the  different  elements  of  connective  tissue 
takes  place  in  various  ways,  and  the  following  forms  are  the  best 
marked : — 

r.  Firm  connective  tissue  (^^  connective  tissue  of  determinate 
form/^  Henle).  In  this  the  elements  are  intimately  connected, 
and  in  such  a  manner,  that  simple  organs  of  a  perfectly  deter- 
minate form  arise  fi'om  it.    To  this  division  belong  : 

a.  The  tendons  and  ligaments,  with  parallel  bundles,  united  by 
looser  connective  tissue  into  larger  cords,  between  which  a  certain 
number  of  anastomosing  plasm-cells,  fine  elastic  fibres  and  elastic 
networks  are  regularly  disposed. 

h.  The  fihro-cartilages.  Having  the  structure  of  tendons  and 
ligaments,  but  with  numerous  cartilage  or  plasm-cells  interspersed. 
They  occur  either  as  special  organs,  as  the  interarticular  fibro- 
cartilages,  and  the  circumferential,  such  as  the  glenoid  and  coty- 
loid (lahra  glenoidea),  or  at  particular  places  in  other  organs 
formed  of  connective  tissue,  especially  in  tendons,  sheaths  of 
tendons,  and  ligaments. 

c.  The  norous  memlranes.  These  are  distinguished  from  a.  only 
by  the  frequent  intei  weaving  of  the  bundles,  and  by  generally 
containing  a  larger  proportion  of  elastic  fibres.  To  this  division 
belong : 

1.  The  muscular  fascicE,  which  have  more  the  structiu'e  of  tendons. 

2.  Tlie  periosteum  perichondrium,  containing,  in  some  parts, 
a  great  many  elastic  fibres. 

3.  The  u'hite  dense  envelope  of  many  soft  organs,  as  the  dura 
mater,  the  neurilemma,  the  sclerotic  and  cornea,  the  fibrous  coat 
of  the  spleen  and  kidney,  the  tunica  alhuaima  of  the  ovaries,  tes- 
ticles, penis,  and  clitoris.  In  the  last-mentioned  parts,  and  in 
the  spleen,  these  envelopes,  which  contain  firm  connective  tissue 
and  numerous  fine  elastic  fibres,  are  continued  into  the  interior  of 
the  organs,  and  here,  mixed  to  some  extent  with  smooth  muscular 
fibres,  form  a  more  or  less  perfect  frame-work,  which  sometimes 
appears  in  the  form  of  partitions,  or  of  a  stroma,  or  of  a  trabe- 
cular network.  A  modification  occurs  in  the  cornea,  in  which  the 
connective  tissue  is  transparent,  contains  numerous  plasm-cells, 
and  vields,  on  boiling  with  water,  chondrin,  but  no  gelatine. 


SECT.  26.] 


CONNECTIVE  TISSUE. 


57 


d.  The  serous  membranes.  These  are  formed  of  connective  tissue, 
which  contains  much  fine  elastic  tissue,  and  consists  of  bundles 
interwoven  in  various  ways,  or  actually  anastomosing  together  in 
a  reticular  manner,  but  which  may  also,  in  some  cases,  present  a 
more  homogeneous  character,  especially  at  the  surface  of  the 
membrane.  The  serous  membranes,  which  are  always  destitute  of 
glands,  and  have,  on  the  whole,  but  few  vessels  and  nerves,  line 
the  cavities  containing  the  viscera,  and  are  rendered  smooth  and 
shining  upon  the  inner  surface  by  an  epithelial  covering.  They 
do  not  necessarily  form  shut  sacs,  as  was  formerly  believed,  but 
may  have  openings  (abdominal  opening  of  the  Fallopian  tubes),  or 
be  absent  altogether  over  certain  parts  of  the  surface  of  the  cavity, 
as  upon  articular  cartilages.  In  other  cases,  their  basis  of  connective 
tissue  may  be  wanting,  and  then  the  epithelium  lies  on  another 
structure,  as  in  the  case  of  the  so-called  outer  lamina  of  the  cere- 
bral arachnoid.  To  these  membranes  belong  :  i.  the  proper  serous 
membranes,  as  the  arachnoid,  the  pleura,  the  pericardium,  peri- 
toneum, and  the  tunica  vaginalis,  all  of  which  secrete  normally 
only  a  minute  quantity  of  a  serous  fluid ;  and  2.  the  synovial 
membranes  or  capsules  of  the  joints,  the  bur  see  mucosoe  and  sheaths 
of  tendons^  which  yield  a  viscid,  yellowish  material,  the  synovia, 
which  contains  albumen  and  mucus. 

e.  The  corium.  This  consists  of  a  dense,  felt-like  network  of 
bundles  of  connective  tissue,  which  at  the  surface,  and  in  the 
papillae,  gives  place  to  an  indistinctly  fibrillated,  and  partly,  even, 
more  homogeneous  tissue,  and  contains  a  great  number  of  finer 
and  coarser  elastic  networks,  also  plasm-cells  and  numerous  vessels 
and  nerves.  The  corium  supports  the  cutaneous  papillae  on  its  ex- 
ternal surface,  and  is  here  covered  by  the  epidermis,  with  which  it 
forms  the  external  integument ;  and  it  is  separated  from  the  deeper 
parts  by  a  soft  tissue  generally  rich  in  fat,  the  subcutaneous  con- 
nective tissue,  or  the  adipose  membrane  (panniculus  adiposus). 

f.  The  mucous  membranes  (tunicce  mucosae).  These  consist  essen- 
tially of  a  basis  of  connective  tissue  containing  vessels  and  nerves — 
the  proper  mucous  membrane  —  of  an  epithelial  layer  covering  it, 
and  of  submucous  connective  tissue,  which,  in  the  intestine,  is  called 
tunica  nervea.  The  first  is  similar  in  structure  to  the  corium,  but 
softer,  and  not  unfrequently  poor  in  elastic  tissue  and  plasm-cells. 
From  the  serous  membranes  the  mucous  membranes  are,  in  general, 
distinguished  by  their  richness  in  vessels,  their  greater  thickness, 
their  richness  in  glands,  and  their  mucous  secretion,  which  is  chiefly 
attributable  to  their  soft  epithelial  covering ;  yet  there  exist  mucous 
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membranes  which  are  just  as  tliin  and  glandless  as  serous  mem- 
branes j  and,  on  tlie  other  hand,  the  synovial  capsules  approach 
the  mucous  membranes  by  their  richness  in  blood  and  the  nature 
of  their  secretion.    The  mucous  membranes  and  the  external  skin 
correspond  in  all  their  principal  parts,  so  that  the  transitions  oc- 
curring between  them,  as  at  the  lips,  eyelids,  and  elsewhere,  are 
not  surprising.    To  the  mucous  membranes  belong  the  innermost 
coat  of  the  intestinal  canal,  the  lining  of  the  nasal  fossae  and  ac- 
cessory cavities,  the  hning  of  the  Eustachian  tube,  tympanum 
and  mastoid  cells,  and  the  conjunctiva.    All  the  larger  glands 
possess  a  distinct  mucous  membrane  in  their  excretory  ducts  :  thus, 
the  lungs  are  provided  with  such  a  membrane  from  the  glottis  to 
the  finest  bronchia ;  the  liver,  in  the  larger  hepatic  ducts  and  in  the 
gall-bladder  ;  the  pancreas,  in  the  pancreatic  duct ;  the  urinary  and 
sexual   organs,  in  the  urethra,  bladder,  ureter,  pelvis   of  the 
kidneys,  vagina,  uterus,  and  Fallopian  tubes  — in  the  mammary 
ducts  and  sacs  —  and  in  the  seminal  vesicles  and  vas  deferens. 
In  all  these  glands,  the  mucous  lining  ultimately  passes  into  the 
membrane  of  the  gland-tubes  and  vesicles;  so  that  these  may 
be  regarded  as  being  formed  by  an  attenuated  mucous  mem- 
brane.   The  same  may  be  said  of  the  smaller  glands,  as  those  of 
the  intestine,  which  are  directly  continuous  with  large  expansions 
of  mucous  membrane ;  only  in  this  case,  we  should  have  to  regard 
the  small  glands  of  the  skin  also  as  being  formed  by  processes 
of  the  latter.    Since  both  development  and  physiology,  to  some 
extent,  support  this  view,  so  far,  at  least,  it  appears  warranted. 
Still  it  must  not  be  forgotten,  that  many  membrance  proprice  are 
not  of  the  nature  of  connective  tissue,  but  appear  as  excretions 
of  the  cells  of  the  gland-tubes,  so  that  the  secerning  glandular 
elements  still  preserve  a  certain  independence. 

g.  The  coats  of  the  veins  and  lymphatics,  the  adventitious  coat  of 
the  arteries,  and  the  endocardium,  consist  of  a  connective  tissue  not 
unlike  that  of  the  fibrous  membranes,  and  of  finer  and  coarser 
elastic  fibrous  networks,  with  which,  in  the  veins,  smooth  muscular 
fibres  may  be  mixed. 

A.  The  so-called  vascular  tunics,  to  which  belong  the  pia  mater 
with  the  choroid  plexus,  the  choroid  and  iris.  All  contain  nu- 
merous vessels,  which,  however,  are  destined  less  for  these  tissues 
themselves  than  for  the  nourishment  of  other  organs.  For  sup- 
porting the  vessels  either  ordinary  connective  tissue  is  employed, 
destitute  of  elastic  fibres  (iris,  pia  mater),  with  parallel,  matted  or 
anastomosing  bundles,  or  a  homogeneous  connective  tissue  (choroid 
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plexus,  choroid  coat),  with  which,  as  in  the  choroid,  other  pecuhar 
elements  may  be  associated,  viz.,  anastomosing  cells,  filled  more  or 
less  with  pigment,  which  are  probably  to  be  ranked  with  the  plasm- 
cells  of  connective  tissue. 

i.  The  homogeneous  membranes  of  connective  tissue.    In  many 
organs,  membranes  are  met  with  which  agree  in  aspect,  and  partly 
in  chemical  nature,  with  connective  tissue,  but  do  not  possess  dis- 
tinct bundles  and  fibrill£e,itnd  rather  appear  homogeneous.  Under 
this  head  I  reckon,  the  homogeneous  tissues  which  often  envelop  the 
bundles  of  the  arachnoid  separately  or  several  together,  the  neuri- 
lemma of  small  nervous  trunks,  the  hyaloid  membrane,  the  envelopes 
of  the  Malpighian  corpuscles  of  the  spleen,  and  of  the  glandular  fol- 
licles of  the  alimentary  canal  (tonsüs,  follicles  of  the  tongue,  solitary 
and  Peyer's  glands).     Of  the  envelopes  of  glandular  elements, 
all  those  which  contain  nuclei  (or  plasm-cells)  belong  to  this  di- 
vision, as  those  of  the  testicles,  Graafian  follicles,  and  of  certain 
racemose  and  tubular  glands;  on  the  other  hand,  I  cannot  class^ 
with  connective  tissues   the  homogeneous,  non-nucleated,  true 
membrance  proprice,  such  as  those  occurring  along  with  the  former 
in  the  seminal  tubules  and  Graafian  follicles,  and  especially  those 
of  the  uriniferous  tubules,  on  which  point  I  would  refer  to  §  i6. 
In  like  manner,  the  capsule  of  tlie  lens,  the  Membrana  Demoursii, 
Membrana  Umitans,  and  the  sheath  of  the  chorda  dorsalis,  also 
appear  to  me  to  owe  their  origin  to  the  excretion  of  matter  from 
cells,  and  not  to  belong  to  this  division ;  while,  as  regards  the 
structureless  membranes  occurring  under  epithelial  and  epidermic 
layers,  or  the  basement  membranes,  I  refrain,  for  the  present,  from 
giving  an  opinion.    There  is  much  in  favour  of  the  view,  that  they 
are  only  the  outermost  layer  of  the  membrane  (of  connective 
tissue)  which  they  limit,  while  it  is  also  possible  that  they  may 
belong  genetically  to  the  cells  which  they  support. 

k.  Loose  or  areolar  connective  tissue  (amorphous  connective 
tissue,  Henle).  This  consists  of  a  lax  network  of  anastomosing  or 
variously  interwoven  bundles  of  connective  tissue,  which  occur  in 
greater  or  less  quantities  between  the  organs  and  their  individual 
parts.  It  appears  in  two  forms  :  i.  Äs  adipose  tissue,  when  nume- 
rous fat-cells  are  contained  in  the  meshes  of  a  connective  tissue 
poor  in  elastic  fibres  and  plasm-cells.  2.  As  ordinary  loose  con- 
nective tissue,  when  the  fat-cells  are  scanty  or  altogether  absent. 

I  Adipose  tissue  chiefly  occurs  in  the  integument  as  pamiiculus 
adiposus ;  in  the  large  cylindrical  bones,  as  yellow  bone -marrow^ ; 
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in  the  orbit j  around  the  kidneys;  in  the  mesentery  and 
omenta ;  around  the  spinal  cord ;  on  nerves  and  vessels ;  and  in 
muscles. 

m.  Ordinary  areolar  connective  tissue,  which  is  sometimes  quite 
poor  in  elastic  fibres  and  plasm-cells,  and  sometimes  abounds  in 
them,  is  found  most  extensively  between  the  organs  seated  in  the 
neck,  the  thoracic,  abdominal,  and  pelvic  cavities;  along  the 
course  of  all  vessels  and  nerves;  and  in  the  interior  of  muscles, 
nerves,  and  glands. 

In  certain  places,  as  in  the  vertebral  canal  and  medulla  of  car- 
tilage, it  is  of  a  gelatinous  nature,  like  embryonal  loose  connective 
tissue,  and  then  contains  in  its  meshes  a  fluid  sometimes  like 
serum,  sometimes  containing  mucus  and  albumen. 

Literature. — Zelinsky,  Be  Telis  Collam  Edentibus.  Dorp.  1852.  Diss.  Also 
the  treatises  cited  in  §  224. 

§  27.  Osseous  Tissue. — Structurally,  osseous  tissue  essentially 
consists  of  a  matrix,  and  of  numerous  microscopic  cavities  o-oo6"' 
to  0-014"'  in  length,  0-003'"  to  0*007'"  in  breadth,  and  0-002'" 
to  0-004'"  ill  thickness,  disseminated  in  it,  —  the  lacunce  (bone  cor- 
puscles of  authors).  The  former,  which  is  of  a  white  colour,  is 
sometimes  more  homogeneous,  sometimes  finely  granular,  very 
frequently  lamellated,  and,  from  its  intimate  union  with  calcareous 
salts,  hard  and  brittle. 

The  lacunse  are  generally  lenticular  in  shape,  and  are,  in  most 
cases,  connected  to  each  other  by  numerous  fine  processes,  the 
canaliculi,  by  which  some  of  them  also  open  upon  the  outer  sur- 
face of  the  bones,  and  others  into  the  larger  and  smaller  medullary 
spaces  in  the  interior.  The  lacunse  and  canaliculi  contain  a  pel- 
lucid matter,  which  may  be  designated  as  the  nutrient  fluid  of  the 
bones ;  and,  in  many  cases,  a  cell-nucleus  also  appears  to  be  en- 
closed in  the  lacunse,  and  may,  perhaps,  be  present  in  all.  Besides 
these  two  most  important  elements,  which  are  never  absent  in  the 
bones  of  the  higher  animals,  most  of  the  bones  contain  numerous 
vessels  and  nerves,  and  frequently,  also,  a  special  substance  sup- 
porting these,  the  medulla.  This  consists  either  of  ordinary 
adipose  tissue,  or  of  a  loose,  scanty  areolar  tissue,  with  but  few  fat- 
cells  and  numerous  proper  marrow-cells,  as  they  are  called.  These 
soft  parts  fill  up  the  large  central  cavities  of  the  bones,  and  those 
of  the  spongy  substance ;  they  also,  at  least  in  part,  occupy  the 
narrow  canals  traversing  the  compact  substance,  the  vascular  or 


SECT.  27.] 


OSSEOUS  TISSUE. 


61 


Fig.  23. 


Haversian  canals,  which  open  abundantly  on  the  outer  and  inner 
surfaces  of  the  bones. 

The  matrix  of  bones  consists  of  an  intimate  mixture  of  an  or- 
ganic substance,  agreeing  entirely  in  nature  with  that  of  connective 
tissue,  and  certain  inorganic  constituents,  of  which  the  phosphate 
and  carbonate  of  lime  form  the  principal  part.  The  fluid  contained 
in  the  lacunae  and  canaliculi  is  not  accurately  known ;  but  it  pro- 
bably chiefly  contains  albumen,  fat,  and  salts,  like  the  blood-plasma. 
By  their  firmness  and  hardness,  the  bones  serve  to  support  the  soft 
parts,  and  to  enclose  and  protect  them.  They  occasionally,  also, 
fulfil  special  ends,  as,  for  example,  the  auditory  ossicles  and  the 
parts  of  the  labyrinth  which  conduct 
the  waves  of  sound. 

The  development  of  bone  takes  place 
in  two  modes:  first,  by  the  metamor- 
pJiosis  of  true  cartilage;  and  secondly, 
by  that  of  ordinary  connective  tissue.  In 
both  cases,  the  cells  are  converted  into 
lacunae :  in  the  former,  the  cartilage- cells; 
in  the  latter,  the  plasm-cells ;  and  this 
takes  place  after  two  somewhat  different 
types.  When  cartilage  ossifies,  the 
cartilage-cells,  produce  a  new  gene- 
ration of  soft  cells  and  these  only 
assuming  a  stellated  form,  are  trans- 
formed into  lacunae.  On  the  other  hand, 
when  connective  tissue  ossifies,  its  cells 
undergo  no  greater  changes ;  that  is  to 
say,  while  the  fibrous  substance  of  the 
connective  tissue  takes  up  calcareous 
salts,  the  cells  grow  out  in  a  stellate 
manner  and  anastomose,  or  when  they 
pre-existed  as  stellate  anastomosing 
plasm-cells,  simply  remain  as  such. 
Thus  the  lacuna  of  hone  are  in  every 
case  cells,  and,  accordingly,  tuould  be  ^ 
better  denominated  bone-cells.  In  all 
bones,  as    Vir  chow    first    discovered,  ^ 

these  bone-cells   can  be  readily  isolated      From  the  inner  surface  of  the  parietal 

by  maceration  in  acids  and  alkalies,  as  Ss^^'l^S^e'^iSfil^ un^'^i'pTe 
well  as  by  boiling.    The  matrix  of  the  SsSfyin«  £%S;T  and 

bones   arises,   in   the   one   case,  by  the   -11- J^.  Three  of  these  cells,  magnified 
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ossification  of  a  new-formed  soft  substance,  the  matrix  of  car- 
tilage being  dissolved;  in  the  other,  by  the  deposition  of  calca- 
reous salts  in  the  fibrous  substance  of  connective  tissue,  but 
presents  in  both  cases,  as  far  as  is  known,  essentially  the  same 
chemical  and  histological  characters.  The  nutritive  changes  of 
the  bones  are  very  energetic,  and  are  accomplished  through  the 
agency  of  the  vessels  of  the  periosteum,  and  by  those  of  the 
marrow  and  Haversian  canals,  when  they  exist.  The  bones 
possess  a  great  capability  of  regeneration,  so  that  they  readdy 
re-unite  when  broken;  and  extensive  losses  of  substance  may 
be  repaired,  or  even  entire  bones  restored,  when  the  periosteum 
has  been  spared.  Accidental  formations  of  bone  are  also  very 
common. 

Osseous  tissue  occurs,  first,  in  the  bones  of  the  skeleton,  to 
which  belong,  also,  the  auditory  ossicles  and  the  hyoid  bone; 
secondly,  in  the  bones  of  the  muscular  system,  as  the  sesamoid 
bones  and  the  ossifications  in  tendons;  thirdly,  in  the  crusta 
petrosa  or  cement  of  the  teeth.  Many  cartilages  ossify  pretty 
regularly  in  old  age,  as  the  costal  and  laryngeal  cartilages. 

DeritiJie,  or  ivory,  may  be  regarded  as  a  modification  of 
osseous  tissue,  in  which,  instead  of  isolated  lacunae,  long  canals, 
the  dentinal  tubes,  occur,  and  which,  also,  presents  some  differences 
in  chemical  composition.  The  mode  of  its  development  leads  us 
to  regard  it  as  an  osseous  substance,  whose  cells  have  grown  out 
into  long  tubules  which  anastomose  with  each  other  by  fine  pro- 
cesses; a  view  which  also  explains  the  numerous  formations  ob- 
servable in  animals  between  the  typical  dentine  and  osseous  tissue 
(see  below,  the  section  on  the  Teeth). 

It  has  been  supposed  till  now,  that  the  stellated  bone-cells  in  part  arise 
from  cartilage-cells,  in  part  from  ceUs  of  connective  tissue  ;  but  H.  Müller 
has  shown,  in  a  very  remarkable  paper,  that  true  cartilage-cells  never  are 
transformed  into  real  stellated  lacunse,  and  that  these  arise  only  from  the 
cells  of  connective  tissue,  and  from  a  young  growth  of  cells,  formed  by  a 
multiplication  of  the  cartilage  cells.  The  only  exception  of  this  rule  seems 
to  occur  in  rachitic  bones,  in  which,  as  I  have  shown,  cartilage-cells  are 
metamorphosed  into  peculiar  stellated  lacunse. 

Literature.— DvÄj'^^CB.,  De  jyenitiori  Ossium  Structurd  Observationes  Diss. 
Vrat.  1834.  MiESCHER,  De  Dißammatione  Ossium  eorumque  Anatome  generali. 
Berol.  1836.  Schwann,  Art.  Knochengeivcle,  in  Berl.  Eiicyclop.  Worterh  der 
med.  Wiss.,  vol.  xx.  p.  loz.  Tomes,  Art.  Osseous  Tissue,  in  Oy  clop,  of  Auat.,  iii. 
H.  Müller,  in  Zeitsch.J.  Wiss.  Zool,  Bd.  ix. 
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3.  Muscular  Tissue. 

§  28.  General  Characters. — The  furtlier  our  knowledge  of  the 
contractile  tissues  advances,  the  more  clearly  does  it  appear  that 
the  decided  separation,  hitherto  assumed  to  exist  between  smooth 
and  transversely  striped  animal  and  organic  muscular  fibres,  can 
no  longer  be  maintained.  For  besides  the  well-known  fact,  that 
the  animal  muscular  fibres  of  certain  creatures  do  not,  in  any 
respect,  differ  in  structure  from  smooth  muscles,  inasmuch  as  they 
consist  of  a  homogeneous  substance,  without  either  fibrils  or  strise, 
it  has  also  been  shown  that  smooth  muscles  exist,  whose  elements 
are  transversely  striated,  like  the  animal  muscular  fibres  of  the 
higher  animals.  Moreover,  the  mode  of  development  of  the  con- 
tractile tissues  and  their  physiological  phenomena  are  by  no  means 
favourable  to  a  division  of  them  in  the  accustomed  sense.  With  re- 
gard to  the  former,  it  follows,  from  the  observations  of  Lehert  andi^e- 
mak  on  the  muscles  of  frogs,  and  from  mine  on  those  of  mammalia, 
frogs,  and  many  invertebrata,  that  even  the  long,  striated  muscular 
fibres  are  nothing  else  than  single  cells  (see  below)  ;  and,  therefore, 
the  old  distinction  between  muscular  fibres  formed  by  single  cells, 
and  fibres  representing  many  cells,  cannot  longer  be  maintained. 

Nor  is  the  case  different  in  a  physiological  point  of  view,  seeing 
that  it  can  scarcely  be  doubted,  that  the  essential  distinctions  ob- 
served in  the  functions  of  the  animal  and  organic  muscles  depend 
only  on  their  relations  to  the  nervous  system.  Since,  moreover, 
no  differences  in  chemical  constitution  are  known  between  the 
various  contractile  elements,  it  appears,  on  every  ground,  reasonable 
to  place  them  together  in  one  group.  Nevertheless,  it  appears  to 
me  advisable,  especially  with  reference  to  the  muscles  of  man  and 
the  higher  animals,  to  retain  the  two  well-known  designations  in 
order  to  indicate  the  subdivision  of  this  group,  and  to  employ 
the  mode  of  development  as  the  principle  of  division.  For  al- 
though a  great  diversity  exists  in  the  form  of  the  contractile 
elements,  yet  it  is  obvious,  that  the  great  majority  of  them  are 
divisible  into  two  classes:  i.  those  which  consist  of  a  cell  with 
one  nucleus;  and  2.  those  which  contain  a  great  number  of  nuclei. 
Now,  since  the  most  important  distinction,  which,  apart  from  their 
relation  to  the  nervous  system,  prevails  between  the  contractile 
elements  is,  perhaps,  connected  with  this  difference,  —  the  distinc- 
tion, namely,  that  the  one  class  of  muscles  are  capable  of  limited 
and  independent  contractions,  even  in  their  smallest  portions, 
while  the  other  are  capable  only  of  total  contraction,  I  am  the 
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more  induced  to  lay  down,  as  subdivisions  of  the  muscular  tissue, 
I.  that  of  the  contractile  cells;  and  2.  that  of  the  contractile 
fibres. 

.  §  29.  Tissue  of  the  Contractile  Cells,  or  of  the  Smooth  Muscles. 
The  smooth,  also  vegetative  or  organic  muscles,  consist  essentially 
Fig.  24.  of  microscopic,  generally  fusiform,  rarely 

short  and  broad  fibres  —  the  contractile,  or 
muscular  fibre-cells,  as  they  are  called  by 
me.  Each  of  these  elements,  measuring 
on  average  0-02'"  to  0-04"'  in  length, 
0-00  2'"  to  0-003'"  in  breadth,  has  the  sig- 
nification of  an  elongated  cell ;  yet,  Avith 
some  few  exceptions  (muscular  fibres  of 
the  gravid  uterus),  presents  no  diff'erenti- 
ation  of  contents  and  envelope,  but  consists 
of  an  apparently  homogeneous,  sometimes 
finely  granular,  or  slightly  striated  sub- 
stance, in  which  a  cylindrical  (rod-shaped) 
long  cell-nucleus  is  invariably  found  in 
the  middle  of  the  fibre.  These  fibre-cells 
are  united  by  means  of  a  not  directly 
observable  connecting  matter,  to  form 
fiat  or  roundish  cords,  the  bundles  of  the 
smooth  muscles,  which  are  then  connected  by  delicate  envelopes  of 
connective  tissue  and  fine  elastic  fibres,  — a  kind  oi  perimysium, — 
to  form  larger  masses,  in  which  numerous  vessels,  and  a  relatively 
small  number  of  nerves,  are  distributed. 

The  chief  elements  of  the  smooth  muscles  consist,  chemicallj^, 
of  a  nitrogenous  substance  allied  to  fibrin,  the  fibrin  of  muscle  or 
syntonin  (Lehmann),  which,  so  far  as  is  known,  is  distinguished 
from  the  fibrin  of  the  blood  only  by  its  not  dissolving  in  nitrate 
and  carbonate  of  potash,  while  it  dissolves  very  readily  in  diluted 
hydrochloric  acid.  The  physiological  importance  of  the  smooth 
muscles  lies  in  their  contractile  property,  by  which  they  very 
materially  aid  in  the  functions  of  the  viscera,  in  which,  by  reason 
of  the  shortness  of  their  elements,  they  can  bring  about  perfectly 
local  changes  of  form.  The  development  of  their  elements  takes 
place  simply  by  the  elongation  of  round  cells  and  the  union  of 
the  cell-membranes  and  contents  to  form  a  homogeneous  soft  mass. 
The  process  of  nutrition  may  be  assumed  as  being  energetic  in 
the  smooth  muscles,  as  the  more  recent  investigations  of  the  fluid 


Muscixlar  fibre-cells,  from  human 
arteries.  1 .  From  the  arteria  popli- 
tsea;  a  without,  Awith,  acetic  acid. 
2.  From  a  branch  of  the  arteria 
tibialis  antica ;  a,  nuclei  of  the  fibres. 
Magnified  350  times 
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permeating  tliem  more  especially  shows ;  which  fluid,  according  to 
Lehmann,  has,  for  the  most  part,  an  acid  reaction,  and  contains 
lactic,  acetic,  and  butyric  acid,  also  kreatin  and  inosite ;  and,  as  is 
further  proved  by  the  frequent  occurrence  of  physiological  (in  the 
uterus)  and  pathological  hypertrophies  and  atrophies  of  them.  It 
is  not  known  whether  smooth  muscles  are  ever  regenerated,  or 
whether  losses  of  substance  are  repaired  by  a  similar  tissue; 
but  new  formations  of  them  appear  to  occur  in  tumours  of  the 
uterus. 

In  the  human  body,  the  smooth  muscular  tissue  nowhere  forms 
large  isolated  muscles,  as  in  the  case  of  the  recto-penal  muscles 
of  mammals,  for  example,  but  occurs  either  scattered  in  the  con- 
nective tissue,  or  in  the  form  of  muscular  membranes.  In  both 
cases,  its  bundles  are  either  arranged  parallel  to  each  other, 
or  united  to  form  networks;  and,  even  in  man,  are  connected 
in  many  places  with  tendons  of  elastic  tissue,  as  first  detected  by 
me  in  the  tracheal  muscles,  and  in  the  cutaneous  feather-muscles 
of  birds.    It  is  found  in  the  following  places : 

1.  In  the  alimeiitary  canal,  the  smooth  muscular  tissue  forms, 
firstly,  the  muscular  coat  from  the  lower  half  of  the  oesophagus, 
where  smooth  bundles  are  still  intermingled  with  transversely 
striped  fibres,  to  the  internal  sphincter  of  the  anus ;  secondly,  the 
muscular  layer  of  the  mucous  coat,  from  the  oesophagus  to  the 
anus;  and,  thirdly,  individual  muscular  bundles  in  the  villi. 

2.  In  the  respiratory  organs  a  muscular  layer  appears  in  the 
trachea,  on  the  posterior  wall,  and  accompanies  the  bronchia  as 
far  as  their  finest  branches,  as  a  complete  circular  coat. 

3.  In  the  salivary  glands,  this  tissue  is  found  only  in  the  Wliar- 
tonian  ducts;  and  even  there  but  scantily,  and  as  an  incomplete 
layer. 

4.  The  liver  possesses  a  complete  muscular  layer  in  the  gall- 
bladder, and  smooth  muscular  tissue  sparingly  in  the  ductus 
clioledoc'hus. 

5.  The  spleen,  in  many  animals,  possesses,  in  its  envelopes  and 
trabeculse,  smooth  muscular  fibres  intermixed  with  connective 
tissue  and  elastic  fibres. 

6.  In  the  urinary  organs  the  smooth  muscles  appear  in  the 
pelvis  and  calices  of  the  kidney  and  form  a  complete  muscular 
coat  in  the  ureters  and  bladder,  but,  on  the  other  hand,  are  found 
but  scantily  in  the  urethra. 

7.  The  female  sexual  organs  possess  smooth  muscles  in  the  Fal- 
lopian tubes,  in  the  uterus,  where  their  elements  are  enormously 
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developed  during  pregnancy,  and  attain  np  to  i  of  a  line  in  length 
in  the  vagina,  in  the  cavernous  bodies  of  the  external  genitals,  and 
in  the  broad  ligaments  of  the  uterus  at  various  places. 

8  In  the  male  sexual  organs  they  occur  in  the  cUrtos,  between 
the  tunica  vaginalis  communis  propria,  in  the  epididymis,  the 
vas  deferens,  the  seminal  vesicles,  the  prostate,  around  Cowper  s 
glands,  and  in  the  corpora  cavernosa  of  the  pems. 

9  In  the  vascular  system,  smooth  muscles  are  met  with  m  the 
tunica  media  of  all  arteries,  especially  the  smaller  ones,  m  that  ot 
most  veins,  and  of  the  lymphatic  vessels,  except  the  finest ;  further, 
in  lymphatic  glanrls  (Heyfelder),  and  in  the  external  or  adventitious 
coat  of  many  veins.  The  muscular  elements  in  vessels  of  middling 
size  are  evervwhere  fusiform  fi])re-cells ;  in  the  large  arteries,  on  the 
otlier  hand,  thev  are  short  plates,  often  resembling  certam  forms  ot 
pavement  epithelium,  and  in  the  smallest  arteries,  oblong,  or  even 
roundish  cells;  both  of  which  forms  are  to  be  regarded  as  bemg 
more  undeveloped.  n  vi  ,  ^ 

10.  In  the  eye,  smooth  muscles  form  the  sphincter  and  dilator  ot 
the  pupil  and  the  tensor  cJioroidece. 

II  In  the  skin,  this  tissue,  besides  entering  into  the  formation 
of  the  dartos,  occurs  in  the  form  of  small  muscles  attached  to  the 
hair  folHcles,  also  in  the  areola  of  the  nipple,  in  the  mpple  itselt, 
and  in  many  sudoriparous  and  ceruminous  glands. 

Formerly  the  elements  of  the  smooth  muscles  were  regarded  as  long  bands, 
containing  numerous  nuclei,  and,  like  the  transversely  striped  fibres,  were  con- 
sidered as  arising  by  the  coalescence  of  many  cells  arranged  m  series,  in 
1847  I  showed  that  this  is  not  the  case  ;  but  that,  on  the  contraij,  the 
elements  of  these  muscles  are  only  simple,  modified  cells  ;  and  demonstrated, 
at  the  same  time,  that  these  contractile  fibre-cells  occur  wherever  contractde 
connective  tissue  has  been  assumed  to  exist,  and  are  also  to  be  met  with  m 
other  parts  where  they  were  not  supposed  to  exist. 

Literature -KoLi^iKi^^,  Ueher  den  Bau  und  die  Verbreitung  der  glatten 

Mushein.,  in  the  Mittlinl.  der  Naturf.  Gesellschajt  in  Zurich,  1847,  P-   j  and 

ZcUscJirift  für  Wissenschaf tl.  Zoologie,  ^o\.\.,  iH9-    Lister,  m  the  Micros. 

Journal,  and  Trans,  of  Boyal  Society  of  Edinburgh. 

^  30.  Tissue  of  the  Muscular  Fibres,  or  Transversely  Striped 
Muscles.— elements  of  this  tissue  consist  essentially  of  muscular 
fibres  or  muscular  primitive  bundles,  as  they  are  called,  each  of 
which  represents  a  bundle,  0  004'"  to  0-03"'  in  thickness,  of 
fine  fibrill^,  enclosed  by  a  special,  homogeneous,  delicate,  elastic 
envelope,  the  sarcolemma.  The  fibrils  are  generally  regularly 
nodular,  appearing,  as  it  were,  to  consist  of  a  number  of  particles 
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Fig.  25. 


ranged  in  a  linear  series,  and  thereby  producing  the  transversely 
striated  character  of  the  muscular  fibre ; 
or  they  appear  smooth,  and  then  the  fibres 
or  primitive  bundles  appear  striated  longi- 
tudinally. Besides  these  fibrils,  the  mus- 
cular fibres  contain  nothing  but  a  small 
quantity  of  a  viscid  substance  uniting 
them,  and  a  certain  number  of  roundish 
or  elongated  cell-nuclei,  which  generally 
lie  upon  the  inner  surface  of  the  sarco- 
lemraa.  The  union  of  the  muscular  fibres 
to  form  muscles  and  muscular  coats,  is 
effected  either  by  their  being  arranged 
parallel  to  each  other,  or  by  their  connec- 
tion in  form  of  true  networks.  Moreover, 
they  are  enclosed  by  an  envelope,  of  greater 
or  less  firmness,  named  the  perimysium, 
which  consists  of  connective  tissue  always 
containing  fine  elastic  fibres,  and  some- 
times fat- cells ;  and  they  are  encircled  by 

numerous  blood-vessels  and  nerves.  Two  human  muscular  fibres ;  mag- 

nified   350  times.   In  the  one  the 
In  chemical  characters,  the  chief  sub-   bundle  of  fibrillfeCS.)  is  torn,  and  the 

,  sarcolemma  (a  )  seen  as  an  empty 

stance  of  the  transversely  striped  muscular  tube. 

Fig.  26.  fibres  entirely  agrees  with  the  syntonin,  men- 

tioned in  the  preceding  section.  The  sarco- 
lemma strongly  resists  the  action  of  alkalies 
and  acids,  while  the  nuclei  present  the  ordinary 
characters  of  these  structures.  A  fluid  of  an 
acid  reaction  can  be  pressed  out  of  the  muscles, 
in  which  Liehig  and  Scherer  have  discovered  an 
interesting  series  of  non-nitrogenous  and  nitro- 
genous products  of  decomposition  of  the  mus- 
cular tissue. 

The  transversely  striated  muscles  are,  in  a  high 
degree,  capable  of  contracting ;  and,  by  reason 
of  their  length,  of  bringing  about  very  con- 
siderable total  effects.  Their  elements  arise  by 
the  transformation  of  single  cells  into  long 
fibres  with  many  nuclei;  in  some  cases,  also, 
by  coalescence  of  stellate  cells.  In  the  fully- 
developed  condition  of  these  muscles,  the  nu- 
tritive process  is  very  active,  as  is  evident  from 
F  2 


Primitive  fibrils,  from  a 
primiiive  bundle  of  Siredon 
pisciformis.  a.  A  small 
bundle;  h.  an  isolated  fibril. 
iMasnified  GOO  times. 
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the  various  products  of  decomposition  mentioned  above,  and  also 
from  the  circumstance,  that  their  functional  activity  is  soon  extm- 
guished  on  the  stoppage  of  the  circulation  of  the  blood  m  them 
Wounds  of  muscles  never  heal  by  means  of  transversely  striated 
muscular  substance ;  on  the  other  hand,  accidental  formations  ot 
this  tissue  are  met  with,  although  rarely.  ,     .  n  • 

Transversely  striped  muscular  tissue  occurs  m  the  lollowmg 

parts :  .  •       •  ^7 

I.  In  the  muscles  of  the  trunk  and  of  the  extremities;  m  the 
external  muscles  of  the  eye,  and  all  the  muscles  of  the  ear. 

2  In  the  muscles  of  many  viscera ;  as  the  larynx,  pharynx,  the 
tongue,  and  oesophagus  (upper  half),  the  end  of  the  rectum 
[sphincter  externus,  levator  ani),  the  genitals  {hulbo-ischio-caver- 
nosus,  urethralis  communis  transversus,  transversus  perinm,  ere- 
master,  muscular  fibres  of  the  round  ligaments  of  the  uterus,  m 

^^3.^      certain  parts  of  the  vascular  system.,  viz.,  in  the  heart,  and 
in  the  walls  of  the  large  veins  where  they  open  into  it. 

Literature— W.BovfU^^,  article  Muscle  and  Muscular  Motion,  in  Cyclop, 
of  Anat  '  and  On  the  Minute  Structure  of  Voluntary  Muscle,in  Phil  Trans., 
1 8 AO  1 841  J  Holst,  X>^  Structurd  3Iusculorum  in  genere  et  Anmdatorum 
msculis  in  specie.  Dorp.,  1846.  M.  Barry,  Neue  Unters,  üher  die  schrmhen- 
förmiqe  Beschaffenheit  der  Elementarfasern  der  Mushein,  nel)st  BeoMchtungen 
über  die  muskulöse  Natur  der  Flivimerhärclien  (Müll.  Areh.,  1850,  p.  529). 

4.  Nervous  Tissue. 
§  31  The  essential  elements  of  the  nervous  tissue  are  of  two 
kinds,  'nerve-tubes  and  nerve-cells.  The  nerve-tubes,  or  nervous 
primitive  fibres,  are  either  medullated  or  non-medullated.  The 
former  consist  of  three  parts :  of  a  structureless  delicate  envelope, 
sheath  of  the  primitive  tube ;  of  a  soft  but  elastic  fibre,  situated  m 
the  centre,  the  central  or  axial  fibre  (axis-cylinder,  Purkinje ;  pri- 
mitive band,  Remak) ;  and  of  a  viscid,  diffluent  white  layer  between 
these  two,  the  medullary  sheath.  In  the  non-medullated  fibres, 
which,  in  man,  occur  only  in  certain  peripheral  terminal  expan- 
sions (retina,  organ  of  hearing,  organ  of  smelling,  cornea.  Pacinian 
bodies),  the  structureless  envelope  encloses  nothing  but  a  homo- 
geneous or  finely  granular,  clear  substance,  which  appears  to  agree 
with  the  axial  fibre  of  the  other  tubes,  or,  at  any  rate,  may  be  con- 
sidered analogous  to  it,  so  that  the  medullary  sheath  is  absent  m 
these  fibres.  The  primitive  nerve-fibres  are  of  very  various  dimen- 
sions, and,  accordingly,  they  may  be  distinguished  as  fine,  0-0005'" 
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to  o'002"' ;  middle  sized,  0*002"'  to  0*004' 
to  0-0 1'".  They  are  either  isolated 
in  their  course,  the  fibres  running 
from  the  centre  to  the  periphery, 
or  they  divide,  especially  in  their 
terminal  distribution,  into  a  larger 
or  smaller  number  of  branches ;  or, 
lastly,  they  form  true  anastomoses 
and  networks.  All  nerve-fibres  are 
connected  with  nerve-cells;  either 
arising  from  them,  or  being  inter- 
rupted in  their  course  by  interpolated 
ganglionic  cells.  These  nerve-cells, 
or,  as  they  are  called  in  the  ganglia, 
ganglionic  cells,  ganglionic  globules, 
have  the  ordinary  characters  of  cells. 
Their  membrane  presents  nothing 


0-004 


Fig.  28. 


Ganglionic  globule  from  the  pike  (bipolar), 
running  out  at  the  two  extremities  into  dark -bor- 
dered nerve-tubes;  treated  with  arsenious  acid, 
and  magnified  350  times,  a.  Envelope  of  the 
globule ;  b.  sheath  of  the  nerve ;  c.  medulla  of 
the  nerve;  d.  axial- fibre  connected  with  the  con- 
tents e.  of  the  ganglionic  globule  retracted  from 
the  envelope. 


Human  nerve-tubes  ;  magnified  350  times. 
Three  fine,  one  of  which  is  varicose;  one 
middling  thick,  and  simply  contoured ;  and 
three  thick,  two  of  which  are  double  contoured, 
and  one  with  granular  contents. 

peculiar,  except  that  it  is  fre- 
quently very  delicate,  or  even,  as 
in  the  large  central  masses,  per- 
haps entirely  disappears.  The 
contents  are  finely  granular  and 
pulpy,  very  frequently  with  pig- 
ment, and  invariably  include  a 
beautiful  vesicular  nucleus  with 
a  large  nucleolus.  In  size,  the 
nerve-cells  vary  from  o'003'" 
to  o'04'" ;  and  with  respect 
to  their  form,  they  are  chiefly 
distinguished  into  round,  fusi- 
form, and  stellate.  The  two 
latter  kinds  consist  of  nerve-cells 
running  out  into  two,  three,  or 
as  many  as  eight  and  more  pro- 
cesses, which,  in  some  cases,  pass, 
after  a  short  course,  into  medul- 
lated  nerve-tubes,  in  others,  pre- 
sent   a    greater  independence. 
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inasmuch  as,  while  they  have  precisely  the  aspect  of  non-medul- 
lated  nerves,  they  often  run  to  great  distances,  and,  at  the  same 
time,  ramify  variously.  How  these  processes  ultimately  terminate, 
whether  free  or  by  connection  with  nerve-fibres,  or  by  anastomoses 
with  similar  processes,  is  not  yet  made  out;  but  it  appears  not  impro- 
bable, that  all  these  three  possibihties  occur  in  different  situations. 

Nerve-fibres  and  nerve-cells  unite  to  form  two  substances,  very 
differently  constituted  in  their  extremes,  the  grey  and  white  sub- 
stance.   The  latter  forms  the  lohite  mechilla,  as  it  is  called,  or  the 

Fig.  29. 


I.arce  nrrve-cell,  with  processes,  from  the  anterior  cornua  of  the  liuman  spinal  cord. 
JIagnitied  350  times. 

medullary  matter  of  the  spinal  cord  and  brain,  and  the  nerves; 
and  consists  essentially  of  fascicularly  arranged  or  interwoven 
nerve-tubes,  to  which,  in  the  peripheral  nerves,  a  special  envelope 
of  connective  tissue,  the  neurilemma,  as  it  is  called,  is  superadded. 
The  grey  substance  chiefly  contains  nerve-cells,  and,  in  certam 
places,  a  finely  granular  matrix  and  free  nuclei.  It  very  rarely, 
however,  occurs  quite  pure,  but  is  generally  intermingled,  more  or 
less,  with  nerve-tubes.  This  is  especially  the  case  in  the  majority 
of  tiie  gangha,  in  the  grey  substance  of  the  spinal  cord,  and  in  the 
so-called  cerebral  ganglia;  while,  on  the  other  hand,  in  the  grey 
cortex  of  the  brain  and  cerebellum,  it  is,  in  some  places,  almost 
destitute  of  nerve-fibres.    This  substance  is  much  more  largely 
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supplied  with  vessels  than  the  white,  and,  in  the  peripheral  ganglia, 
contains  different  forms  of  connective  tissue  for  enveloping  its 
different  parts. 

The  chemical  composition  of  the  nervous  substances  is  still  far 
from  being  investigated  with  sufficient  accuracy.  In  the  white 
substance,  the  central  fibre  of  the  nerve-tube  consists  of  a 
protein  compound,  very  similar  to  the  fibrin  of  muscle;  the  me- 
dullary slicath,  chiefly  of  different  kinds  of  fats ;  and  the  envelope 
of  a  substance  similar  to  the  sarcolemma.  The  grey  substance 
chiefly  contains  an  albuminoid  body,  besides  some  fat. 

The  physiological  importance  of  the  nervous  tissue  consists, 
firstly,  in  its  being  the  medium  of  motion  and  sensation;  second!}^, 
in  its  exerting  a  certain  influence  upon  the  vegetative  functions ; 
and  thirdly,  in  serving  as  a  substratum  for  the  faculties  of  the 
mind ;  in  all  which  functions  the  grey  substance  appears,  from  all 
that  has  been  hitherto  ascertained,  to  play  the  more  important 
part,  the  white  serving  more  as  a  conducting  mediam  between  it 
and  the  organs. 

The  nerve-cells  are  developed  from  the  ordinary  formative  cells 
of  the  embryo  and  the  nerve- tubes  by  the  coalescence  of  numerous 
similar  cells,  of  a  roundish,  fusiform,  or  stellate  shape,  with  en- 
velope and  contents ;  to  which,  in  the  meduUated  tubes,  a  peculiar 
alteration  of  their  contents  is  superadded,  in  consequence  of  which 
they  divide  into  a  more  consistent  central  filament,  and  a  softer 
sheath.  The  process  of  nutrition  must,  especially  in  the  grey 
substance,  be  very  energetic,  as  the  large  quantity  of  blood  which 
flows  to  that  substance  sufficiently  proves;  yet  the  products  of 
decomposition  of  this  tissue  are  still  wholly  unknown.  The  white 
nervous  substance  is  readily  enough  regenerated  in  the  peripheral 
nerves,  and,  as  appears,  in  the  spinal  cord  also.  Accidental  for- 
mations of  nerve-tubes  have  been  observed  in  pathological  new 
formations;  nay,  it  even  appears,  according  to  an  observation  of 
Virchow,  that  abnormal  formations  of  grey  substance  may  occur. 

The  organs  composed  of  nervous  substance  are  :  the  peripheral 
nervous  cords,  nervous  membranes  and  nervous  tubes,  the  ganglia, 
the  spinal  cord,  and  the  brain. 

Literature. — G.  Valentin,  TJel)cr  den  Verlauf  und  die  letzen  Enden  der 
Nerven,  in  Nov  Act.  Natur.  Curios.,  vol.  xviii.  t.  i.  Remak,  Ohserv.  AnatomicfB 
et  3licrose.  de  8i/st.  Nerv.  Struct.,  BeroL,  1838  A.Hannover,  Recherchcs 
Microscopiqucs  sur  le  Systeme  Ncrveux,  Copenhagen,  1844.  R  Wagner,  iV(gwe 
Unters,  über  den  Bau  und  die  Endigungen  der  Nerven  und  die  Structur  der 
Ganglien,  Leipzig,  1847  ;  and  Neurol.  Untersuchungen,  in  Gott.  Anz.,  1850, 
p.  54.    Bidder  and  Reichert,  Zur  Lehre  vom  Verhältniss  der  Ganglienlwrpcr 
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zu  den  Nervenfasern,  Leipzig,  1847.  Ch.  Robin,  in  VInst.,  1846,  Nos.  687— 
690;  and  1848,  No.  733.  Kölliker,  Neurologische  Bemerkungen,  in  Zeitsch. 
f.  7viss.  Zool,  i.  p.  135. 

5.  Tissue  of  the  Vascular  Glands. 

§  32.  Under  the  name  vascular  glands  are  comprehended  a 
series  of  organs  whose  common  character  consists  in  this,  that  they 
prepare,  from  the  blood  or  other  juices  in  a  special  glandular  tissue, 
certain  matters  which  are  not  conveyed  away  by  special  permanent, 
or  occasionally-formed  excretory  ducts,  but  simply  by  transudation 
from  the  tissue,  and  are  then  employed,  in  one  way  or  another,  for 
the  purposes  of  the  organism.  Although  this  very  general  defi- 
nition may  include  organs  which  it  will,  perhaps,  be  necessary 
hereafter  to  separate,  yet,  owing  to  our  very  defective  knowledge 
of  these  structures,  it  seems  to  be  the  only  one  possible,  without 
too  much  anticipating  the  special  discussion  of  them. 

The  essential  glandular  tissue  of  the  organs  in  question  presents 
itself  in  the  following  forms  : 

1.  As  a  parenchyma  of  larger  or  smaller  cells,  embedded  in  a 
stroma  of  connective  tissue.  Supra-renal  capsules,  anterior  lobe  of 
the  pituitary  body.  Here  the  cells  attain  0-04'",  and  more  in  size ; 
and  then  contain,  besides  a  granular  mass,  numerous  nuclei  and 
secondary  cells. 

2.  As  closed  follicles,  with  an  envelope  of  connective  tissue  and 
contents  consisting  of  nuclei,  cells,  and  some  fluid.  To  this  division 
I  reckon  : 

a.  The  solitary  follicles  of  the  stomach  and  intestine;  and 

b.  The  aggregated  follicles  of  the  small  intestine,  or  the  patches 
of  Peyer  (in  animals,  also,  of  the  stomach  and  large  intestine), 
both  of  which  contain  numerous  blood-vessels  in  the  interior  of 
the  follicles. 

c.  The  follicular  glands  of  the  root  of  the  tongue,  the  tonsils,  and 
the  pharyngeal  follicles,  which  contain,  in  the  walls  of  their  cavities, 
numerous  shut  follicles  Hke  the  above-mentioned,  and  probably, 
also,  having  vessels  in  their  interior. 

d.  The  lymphatic  glands,  the  glandular  parenchyma  of  which 
consists  of  round  follicles,  similar  to  those  of  the  Peyerian  glands, 
but  opening  into  each  other,  and  directly  connected  with  the 
lymphatic  vessels. 

3.  As  a  cell-parenchyma,  supported  by  trabecule  of  connective 
tissue,  containing,  like  the  above,  numerous  closed  follicles.  Spleen. 

The  chemical  nature  of  these  more  or  less  vascular  organs  is 
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still  but  little  known.    Those  under  i  and  ^,  as  also  the  follicles  of 
protein  and  fat  in  their  tissue;  while_,  on  the 


3,  contain  much 


Fig.  30. 


A  Malpighian  corpuscle,  from  the  spleen  of  the 
ox;  magnified  150  times,  a.  Wall  of  the  cor- 
puscle; h.  contents;  e.  wall  of  the  artery  on 
which  it  is  seated  :  d.  sheatli  of  the  same. 


other  hand,  the  rest  of  the  paren- 
chyma of  the  spleen  contains 
peculiar  substances,  not  yet  fully 
investigated,  which  indicate  an 
energetic  process  of  decompo- 
sition. Their  physiological  func- 
tions are  just  as  little  known; 
and  it  may  suffice  to  mention 
here,  that  in  the  spleen,  the 
thymus,  the  supra-renal  capsules, 
and  pituitary  body,  it  can  only  be 
the  blood  which  supplies  them 
with  materials,  and  the  blood- 
vessels and  lymphatics,  which  again  take  up  the  substance  prepared 
by  the  glands.  In  the  follicles  of  the  oral  cavity  and  of  the 
fauces,  the  latter  is  effused  into  the  larger  recesses  of  these 
organs,  and  ultimately  into  the  cavities  mentioned ;  whilst,  as  to 
the  intestinal  follicles,  it  is  doubtful  whether  they  secrete  matter 
into  the  intestine,  or  absorb  it  from  the  latter  and  discharge  it 
into  the  vessels.  In  the  lymphatic  glands,  the  lymphatic  vessels 
conduct  their  fluid  into  the  glandular  follicles  and  take  it  up 
again  from  them,  now  rich  in  lymph-cells.  The  development  of 
the  vascular  glands  is  still  very  obscure ;  yet  this  much  appears 
certain,  that  they  are  developed  either  from  the  fibrous  layer  of 
the  intestine,  or  from  the  same  blastema  which  produces  the  sexual 
glands.  The  change  of  material  is  very  energetic  in  most  of  these 
glandular  structures,  as  is  shown  by  their  large  quantity  of  blood, 
and  their  liability  to  disease;  but  the  pituitary  and  supra-renal 
body  may,  perhaps,  occupy  a  subordinate  position  in  this  respect. 

Literature. — A.  Ecker,  art.  Blutgefdssdr'usen,  in  Wagner's  Handw.  d.  Phys., 
vol.  iv.  1840. 
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I. — Of  the  Skin  Proper. 


Fig.  31. 


A.  CUTIS. 

§  33.  The  external  shin  (fig.  31)  consists  essentially  of  an  in- 
ternal layer,  composed  principally  of  connective  tissue,  and  abun- 
dant in  vessels  and  nerves,  tlie  true  skin,  cutis,  derma  (fig.  31,  c.  d.)  : 

and  of  an  external  covering  made 
up  of  cells  only,  the  epidermis  (fig. 
31,  a.  b.)  ;  and,  in  addition,  many 
peculiar  glandular  and  horny  organs 
appertain  to  it. 
— ^  The  cutis  or  derma  may  again  be 
subdivided  into  two  layers :  the 
_ subcutaneous  cellular  tissue,  tela 
celhdosa  subcutanea,  and  the  corium 
proper  (fig.  3i,c-)i  latter  of 

which,  from  its  richness  in  vessels 
and  nerves,  constitutes  the  most 
important  part  of  the  external 
inte^i'ument. 


^  34.  The  subcutaneous  cellular 
tissue  (tela  celhdosa  subcutanea)  is 
a  moderately  compact  membrane, 
formed  chiefly  of  connective  tissue, 
which,  in  most  parts  of  the  body, 
incloses  within  its  meshes  a  con- 
siderable quantity  of  fat-cells  (fig. 
31,/.),  and  thus  appears  as  a  fatty 
SSJrflua^fJ^<Sf'l:i^  layer  {panniculus  adiposus),oi  va- 
canais ;  i.  sweat-pores.  riablc  thiclvuess.    lu  somc  localitics, 

however,  e.g.,  in  the  ear,  eyelids,  scrotum,  penis,  and  nymphse,  it 


Vertical  section  through  the  skin  of  tlie 
ball  of  the  thumb,  transversely  through  two 
ridges  of  the  cutis;  magnified  20  times,  a. 
Horny  layer  of  epidermis ;  6.  its  mucous 
layer ;  c."  corium ;   d.  panniculus  adiposus 
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contains  very  little  or  even  no  fat,  and  measures  only  |  to  f  of  a 
line.  The  most  internal  layer  of  the  subcutaneous  cellular  tissue, 
which  upon  the  trunk  and  thighs  presents  a  tolerably  firm  fatless 
expansion_,  the  fascia  superficialis,  lies  upon  various  organs,  as 
fasciae  of  muscles,  periosteum,  perichondrium,  muscles,  and  the 
deeper  collections  of  fat;  and  is  connected,  sometimes  more  loosely, 
sometimes  more  firmly,  with  them. 

The  external  surface  of  the  subcutaneous  cellular  tissue  is,  for 
the  most  part,  firmly  attached  to  the  corium,  particularly  where 
hair  -follicles  dip  into  it,  as  on  the  head ;  on  the  other  hand,  when 
it  forms  a  thick,  adipose  laj^er,  it  can  be  easily  separated. 

<5  35.  The  proper  corium  is  a  compact  and  but  slightly  elastic 
membrane,  formed  likewise  principally  of  connective  tissue.  In  the 
thicker  parts,  it  presents  two,  not,  however,  very  distinctly 
separated  layers,  which  may  be  designated  the  reticular  and  the 
papillary.  The  reticular  part  of  the  corium  forms  the  inner  layer, 
and  presents  a  white,  reticulated,  in  its  deepest  portions  often  dis- 
tinctly stratified,  membrane,  which  contains,  more  especially,  the 
hair-follicles  and  glands  of  the  skin,  together  with  a  considerable 
quantity  of  fat.  The  papillary  jjart  is  the  reddish-grey  external 
portion  of  the  corium,  situated  immediately  below  the  epidermis, 
which,  in  its  dense  firm  tissue,  contains  the  upper  part  of  the  hair- 
follicles  and  cutaneous  glands,  and  the  ultimate  expansions  of  the 
vessels  and  nerves  of  Fig.  32. 

the  skin.  Its  most  6 
important  constituents 
are  the  papillse  of  the 
corium,  which,  accord- 
ing to  their  internal 
structure,  may  be  di- 
vided into  two  species, 
vascular  and  nervous 

(fig.    32).       They    are  compound  papillse  of  the  surface  of  the  hanJ,  with  two,  three, 

,^                 .   .  ^  and  four  points,    a.  Base  of  a  papillae;  6Ö.  their  separate  processes  ; 

small,       Semi-transpa-  cc.  processes  of  papUlas,  whose  hase  is  not  visible.    Magnified  60 

,       1 .      i     1     1    1   1  diameters. 

rent,  pliant,  but  tole- 
rably firm  prominences  of  the  external  surface  of  the  corium,  which 
are  generally  conical  or  club-shaped,  but  in  certain  places  run  out 
into  several  points  (^compound  papillce).  As  regards  number  and 
situation,  it  may  be  observed,  that  the  papillae  of  the  matrix  of 
the  nail,  of  the  palm  of  the  hand,  and  of  the  sole  of  the  foot,  are 
very  numerous  [E.  H.  Weher  calculates  upon  one  square  line  of  the 
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Fig.  33. 


palm,  8 1  compound  or  150  to  200  smaller  papilla',  Meissner,  n^on 
the  palmar  surface  of  the  finger,  400),  and  arranged  partly  regu- 
larly in  two  chief  series  (fig.  33)  > 
each  of  which  contains  from  2  to  5 
papilla  abreast,  seated  upon  linear 
elevations  —  -J^  to  ^  of  a  line  broad, 
and  2V  to  i  of  a  line  high  — the 
ridges  of  the  corium,  whose  course, 
as  they  are  visible  externally  on  the 
epidermis,  does  not  require  further 
description.  In  other  places  the 
^  papillae  are  less  regularly  distributed ; 
either  very  near  to  each  other,  as  on 
^  the  labia  minora,  the  clitoris,  the 
^  penis,  and  the  nipple,  or  more  scat- 
tered, as  on  the  limbs  (except  the 
parts  of  them  above  mentioned)  — 
on  the  scrotum,  neck,  chest,  abdo- 

Horizontal  section  of  the  skin  of  the  heel   mCU,    and    back.      Thc    sizC    of  the 

Ä^aÄ^^«^^^  papilla  varies  pretty  considerably, 

^o^^^S^^tr;^^7^r^  and  is,  upon  an  average,  from  to 

Malpighii  between  the  papiUfe,  helongirig  to   _j_         ^  Ij^g       rj\^Q  loUffCSt  VapHlcB 

their  common  base;  e.  sweat  canals.    Magni-    2  2  ^  nut;.      j-axv.         ^        ^  ^ 

fied  60  diameters.  tO  bc  fouud  OU  thc   Solc   of  the 

foot,  the  palm  of  the  hand,  the  nipple,  the  bed  of  the  nails,  and 
on  the  labia  minora.  Their  breadth  is  generally  |  to  ^  of  their 
length. 

The  thickness  of  the  corium  varies  from  ^  to  line,  and  in 
most  places  amounts  to  a  4  or  |  of  a  line.  It  presents  most  of 
the  chemical  characters  of  connective  tissue,  of  which  chiefly  it  is 
composed.  It  has  little  tendency  to  putrify,  and  none  at  all  when 
treated  with  vegetable  matters  containing  tannic  acid,  by  which  it 
is  tanned  or  converted  into  leather.  By  boiling  in  water,  it  is 
resolved  into  gelatin. 

§  36.  The  cutis  consists  principally  of  connective  and  elastic 
tissue,  and  contains,  besides,  smooth  muscles,  fat-cells,  blood-vessels, 
and  lymphatics  in  large  quantity. 

The  connective  tissue  consists  of  the  usual  bundles,  which  are 
partly  connected  in  the  form  of  a  network,  as  in  the  subcutaneous 
cellular  tissue;  partly  in  the  form  of  larger  secondary  bundles, 
trabecules  and  lamince  of  various  kinds.  In  the  panniculus  adi- 
posus  there  are  between  these  numerous  larger  and  smaller  spaces 
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filled  with  fat;  whilst  in  the  fascia  superficialis,  and  in  the  corium, 
their  connection  is  very  intimate,  particularly  in  the  latter, 
where  they  form  a  very  compact  tissue,  with  traces  of  stra- 
tification.— In  the  papillce,  and  at  the  surface  of  the  corium  in 
general,  the  fibrous  structure  is  not  very  evident ;  and  in  place  of 
it  there  often  appears  a  more  homogeneous  tissue,  which  seems  to 
be  limited  towards  the  epidermis  by  a  structureless  basement 
membrane. 

The  hursoi  mucosa}  suhcutanece  are  nothing  but  large,  simple,  or 
partially  divided  cavities  in  the  subcutaneous  cellular  tissue,  in  the 
fascia  superficialis  (bursa  olecrani),  or  between  the  lamina}  of  the 
fascia  muscularis  (bursa  patellae).  Their  internal  walls,  smooth 
but  uneven,  are  composed  of  ordinary  connective  tissue,  without 
an  epithelium,  and  enclose  a  somewhat  viscid,  clear  fluid. 

The  elastic  tissue  is  to  be  found  in  almost  all  parts  of  the  cutis 
in  great  abundance,  yet,  for  the  most  part,  much  more  sparingly 
than  the  connective  tissue.  Sometimes  it  appears  in  the  form  of 
genuine  elastic  membranes,  which  may  even  present  a  resemblance 
to  the  most  compact  elastic  networks  of  the  arteries,  as  in  the 
fascia  superficialis  of  the  abdomen  and  thigh;  but  more  usually 
it  assumes  the  shape  of  a  more  open  netAvork  of  coarser  or  finer 
fibres,  as  in  the  corium  proper.  The  papillce  and  panniculus  adi- 
posus  possess  only  fine  fibres,  and  isolated  or  anastomosing  plasm- 
cells,  although  the  latter  tissue  may,  in  parts,  be  entirely  destitute 
of  them. 

Smooth  muscles^  according  to  my  researches,  occur  more  exten- 
sively in  the  skin  than  has  hitherto  been  supposed,  viz.,  i.  in  the 
subcutaneous  cellular  tissue  of  the  scrotum,  which  owes  its  name 
[tunica  dartos)  to  this  circumstance ;  in  that  of  the  penis,  together 
with  the  prepuce  and  anterior  part  of  the  perinseum,  ^vhere,  as 
yellow  bundles  (whose  elements  have  been  described  in  §  29), 
measuring  ^  or  even  I  a  line,  they  run  partly  in  the  neighbourhood 
of  vessels  and  nerves,  partly  more  isolated  in  the  connective  tissue. 
All  these  bundles  are  united  with  one  another,  so  as  to  form  a 
network,  and,  for  the  most  part,  run  parallel  to  the  raphe  of  the 
scrotum  and  the  long  axis  of  the  penis,  although,  and  especially  in 
the  latter,  thick  bundles  not  unfrequently  occur,  having  a  trans- 
verse direction. 

2.  In  the  areola  of  the  nipple,  the  smooth  muscles,  which  are 
more  developed  in  the  female  sex,  are  arranged  in  a  circular  layer, 
in  which  they  become  more  pronounced  from  without  inwards,  as 
far  as  the  base  of  the  nipple;  and  from  the  breadth  of  their 
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bundles  (which  may  reach  ^3  of  a  line),  and  their  yellowish-red, 
transparent  colour,  are  visible  to  the  unaided  eye.  In  the  nipple 
itself  they  run  partly  circularly,  partly  perpendicularly,  and  be- 
come connected  to  each  other,  so  as  to  form  a  dense  network, 
through  the  meshes  of  which  the  excretory  ducts  of  the  milk-gland 
pass. 

3.  Finally,  the  smooth  muscles  are  also  met  with  in  the  super- 
.  ficial  portion  of  the  corium,  in  all 

-J  partswhere  hairs  occur  (fig.  34)>ii^  the 

form  of  flattened,  roundish  bundles, 
;   from  0-02  to  0.16  of  a  line  broad, 
1^  which,   without    exception,  either 
singly  or  in  pairs,  he  alongside  of 
^  the    hair-fbllicles     and  sebaceous 
:Q  glands.    These  muscles  arise  from 
the  most  superficial  portions  of  the 
corium,  close  beneath  the  epidermis, 
.ÄtS-Lr^rÄs!tS:  oflen  by  means   of  several  little 

c.  muscles  of  the  hair-fonicles.  ^^^^^^^  ^^^^^^  ^^^^^^^^   ^j^-^^^^^  . 

they  pass  obliquely  from  without  inwards  towards  the  hair-follicles, 
embrace  the  sebaceous  glands,  and  are  attached  to  the  former 
immediately  below  the  latter,  or  near  to  their  base. 

§  37.  Fat-Cells.— TiiQ  seat  of  these  cells  is  pre-eminently  the 
panniculus  adiposus.  The  fat-cells  do  not  lie  here  in  the  form  of 
continuous  layers,  but  fill,  in  larger  or  smaller  masses  or  lobules, 
the  variously"^ shaped  interstices  of  the  areolar  tissue.  Each  fat- 
lobule  has  a  special  envelope  of  connective  tissue,  in  which  the 
nutritive  vessels  are  distributed,  and  consists  either  of  a  smgle 
aggregation  of  cells,  or  of  a  variable  number  of  smaller  and 
smallest  lobules,  each  of  which  again  has  a  delicate  covering  of 
its  own.  According  to  Todd  and  Bowman,  even 
every  cell  has  its  special  covering  and  vessels ;  but 
although  this  is  true  in  many  cases,  it  certainly 
does  not  apply  to  all  In  the  corium  the  fat- 
cells  prevail  most  in  the  deeper  portions  around 
the  hair-follicles  and  glands,  and  they  are  alto- 
gether wanting  in  the  papillary  layer.  In  indi- 
^    , .  „  ,         viduals  in  moderately  good  condition  the  fat-cells 

Two  fat-cells,  from  the  ^  n 

medulla  of  the  human  invariablv  rOUlld  Or  oval,  from  0*0 1      to  O'OD 

femur.     a    Nuclei;   h.    '^"'■^  J  '  n^^^•A.\n•^ 

membranes  of  the  cells;       diamctcr,  dark  contourcd,  and  nllea  witn  nuiü, 

c.  fat-L^ohule.    Magni-  n  f  •      1  1 

tied  350  times.  p^je  yellow  fat,  in  the  form  of  a  single  drop. 
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They  have  a  parietal  nucleus,  whicli,  liovrever,  is  not  easily  rendered 
perceptible.  In  lean  persons,  on  the  other  hand,  cells  of  this  sort 
are  not  common,  and  forms  occur  which  deviate  more  or  less  from 
the  preceding,  viz.,  i.  Granular  cells,  containing  numerous  small 
fat-drops;  these  occur  in  whitish-yellow  fat-lobules.  2.  Fat-cells 
containing  serum  (in  small  yellow,  or  brownish-red  lobules),  which, 
together  T\ith  the  more  or  less  exhausted  fat,  which  appears  in  the 
form  of  a  single,  dark-coloured  globule,  contain  a  clear  fluid  and 
an  evident  nucleus,  and  are  considerably  smaller  than  the  normal 
cells  —  from  o-oi'"  to  o'Oif'".  3.  Cells  destitute  of  fat,  and 
contcdning  onli/  serum,  with  a  distinct  nucleus  and  a  dehcate  or 
thickened  membrane;  these  are  found  in  the  more  jelly-like  fat, 
or  are  mixed  with  others ;  they  occur,  also,  in  anasarca.  4.  Lastly. 
Fat-cells  contcdning  crystads ;  these  either  include,  in  addition  to  a 
fat-drop,  from  one  to  four  stellate  groups  of  needle-shaped  crystals 
(of  margarin),  or  are  entirely  filled  with  acicular  crystals.  The 
former  occur  among  normal  cells;  the  latter  in  white  fat.  Ac- 
cording to  Dr.  Rosclier,  of  Xorway,  such  crystals  can  be  artificially 
produced  in  all,  or  almost  all,  fat-cells,  by  drying  them ;  and  it 
therefore  is  not  improbable,  that  the  crystals  which  are  found  in 
the  dead  body  are  formed  after  death.  Piohin  and  Verdcil  ob- 
served that  crystals  of  margarine  were  formed  in  the  fat-globules 
of  warm  milk  on  cooling. 

§  38.  Vessels  of  the  SJd.n. — In  the  subcutaneous  cellular  tissue 
the  arteries  entering  the  skin  furnish  many  small  branches  to  the 
hair -follicles  (see  below),  the  fat-lobules  and  the  smooth  muscles, 
and  form  a  network  of  capillaries,  which  is,  for  the  most  part,  wide, 
but  sometimes,  though  more  rarely,  rather  close  in  its  meshes,  as 
especially  in  the  fat-lobules.  More  superficially,  the  arteries  supply 
the  sudoriparous  and  sebaceous  glands  (see  infra) ;  give  branches, 
but  not  many,  to  terminate  in  the  inner  or  reticular  part  of  the 
corium;  and,  finally,  penetrate  into  the  most  external  portion  of 
the  papillary  layer,  and  into  the  papillae  themselves,  when  they  end 
in  a  fine  and  close  network  of  capillaries.  These  invarinbly  consist, 
wherever  papillae  are  present,  of  two  portions  :  first,  of  a  horizontal 
plexus  lying  immediately  under  the  surface  covered  by  the  epi- 
dermis, with  wider  meshes  and  larger  vessels  (from  o'Oi'"  to  0'05"  j, 
and  also  closer  meshes  formed  of  capillaries  (from  0  C03'"  to  o'005"')  : 
and,  secondly,  of  numerous  loops  of  finer  or  coarser  vessels  [from 
0.003"'  0'004"'  in  most  places,  and,  according  to  Meissner,  from 
0"004'"  to  0.0 1  ",  and  even  larger,  on  the  sole  of  tite  foot  and  palm), 
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Vessels  of  the  papillpe  of  one  entire  and  two  half  ridges  of 
the  cutis.   After  Berres. 


which  supply  the  papillee.    With  certain  exceptions,  it  is  only  the 
j-jg  gg  vascular   papillse  which 

possess  such  capillary 
loops,  the  simple  papillae 
one  loop,  the  branched 
several  loops,  which  ex- 
tend, either  in  the  axis  or 
more  towards  the  surface, 
near  to  the  apex,  and 
present  a  gently  waving 
or  well-marked  tortuous 
course,  or  are  even  twisted 
round  each  other  in  a 
spiral  form. 

The  large  trunks  of  the  lymphatic  vessels  can  be  easily  recog- 
nised in  the  subcutaneous  cellular  tissue,  and  are  very  numerous. 
In  the  corium  itself,  various  anatomists  have  demonstrated  the 
lymphatic  vessels  by  means  of  injections  of  mercury.  All  agree 
in  this,  that  they  exhibit  an  uncommonly  dense  network  of  fine 
vessels,  measuring,  according  to  Krause,  from  to  of  a  line; 
that  in  the  deeper  parts  the  meshes  become  wider,  the  vessels 
larger,  and,  finally,  communicate  by  single  trunks  with  the  vessels 
of  the  subcutaneous  tissue.  Still,  it  is  not  yet  known  whether 
these  plexuses  are  the  real  origins  of  the  lymphatics  of  the  skm. 

§  39.  Nerves.— Tlie  skin,  in  the  portion  next  the  epidermis, 
especially  in  certain  places,  is  one  of  the  structures  of  the  frame 
most  abundantly  provided  with  nerves,  while,  in  the  deeper  regions, 
it  is  remarkable  for  their  scantiness.  In  the  panniculus  adiposus 
and  ihQ  fascia  superßcialis  no nevYeshsiYe  been  hitherto  recognised, 
except  those  which  pass  through  those  parts  to  the  cutis,  or  pro- 
ceed to  the  hairs,  glands,  smooth  muscles,  and  Pacinian  bodies,  of 
which  we  shall  afterwards  speak.  In  the  corium  itself,  the  trunks 
which  pass  through  the  areolae  of  its  inner  surface  ascend  gradually, 
continually  giving  off"  branches,  but  without  actually  forming  ter- 
minal expansions,  towards  the  papillary  layers.  Here,  anastomosing 
frequently,  they  form  rich  terminal  plexuses,  in  which  deeper  and 
more  superficial  portions  can  be  distinctly  distinguished ;  the 
former  composed  of  fine  branches,  containing  several  primitive 
fibres,  with  wide  meshes;  the  latter  of  single  fibres,  or  of  pairs  of 
fibres,  with  narrow  interstices.  In  the  latter,  or  the  finer  terminal 
plexus,  there  also  occur  (whether  in  all  the  fibres  is  not  yet 
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determined)  real  bifurcations  of  the  primitice  fibres  of  the  nerves ; 
and  from  the  plexus  itself,  at  least  in  certain  places  (particularly 
on  the  palm  of  the  hand,  the  sole  of  the  foot^  and  the  margins  of 
the  lips),  one  to  four,  but^  in  general,  two^  nerve-fibres  finally  pass 
into  the  base  of  certain  papillae^  and,  running  towards  their  apices, 
there  unite  in  form  of  a  loop,  or  end  free. 

According  to  the  observations  of  Meissner  and  i?.  Wa/jncr,  nerves  are  not 
to  be  found  in  all  the  papillae  of  the  palm  and  sole,  but  only  in  certain  of  them 
which  contain  a  peculiar  central  structure,  called  corimsculum  tactus,  and 
are,  for  the  most  part,  also  destitute  of  vessels.  This  assertion  is,  upon  the 
whole,  right  ;  and  the  papilla3  may  be  divided  into  vascular  and  nervous. 
With  regard  to  the  nature  of  the  tactile  corpuscles  (fig.  37),  microscopists 
entertain  different  views.  I  am  of  opinion  that  they  are  composed  of  an 
axial  tract  of  homogeneous  connective  tissue  and  an  external  layer  of  fusiform 
plasm-cells,  and  I  cannot,  therefore,  recognise  a  special  structure  in  them. 
Nerves  pass  into  the  papillte  containing  tactile  corpuscles  to  the  number  of 
one,  two,  or  four,  run  on  the  external  surface  of  the  corpuscles,  either  straight 
or  in  a  spiral  manner,  to  the  summit,  and  end  sometimes  apparently  free, 
sometimes  in  loops,  although  it  cannot  be  affirmed  that  these  loops  are  the 
true  terminations.  PapilltB,  with  the  so-called  tactile  corpuscles,  have  been 
hitherto  found,  in  addition  to  the  places  mentioned  above,  more  sparingly 
and  less  developed  on  the  red  border  of  the  lip,  on  the  tip  of  the  tongue,  on 
the  nipple,  the  fflans  pienis,  and  the  clitoris. 

In  the  hand,  these  so-named  tactile  corpuscles  are  almost  wholly  con- 
fined to  the  palmar  surface  ;  they  are  found  especially  on  the  fingers,  par- 
ticularly the  third  segment.  On 
the  foot,  they  are  likewise  seated, 
for  the  ■  most  part,  on  the  ex- 
tremities of  the  third  phalanges 
of  the  toes  ;  still  they  are  not 
entirely  wanting  in  the  middle 
of  the  sole,  or  even  on  the 
heel.  On  the  dorsal  surface  of 
the  hands  and  feet  a  few  such 
bodies  are  often  found  ;  some- 
times they  are  wanting.  With 
regard  to  their  number,  Meissner 
counted,  on  the  terminal  pha- 
lanx of  the  index-finger  of  a  man, 
400  papillse  in  a  square  line,  of 
which  108,  or  one-fourth,  pos- 
sessed tactile  bodies.  In  a  square 
line  of  the  second  phalanx  40 
bodies  were  found  ;  on  the  me- 
tacarpal phalanx,  15  ;  on  the 
skin  over  the  metacarpal  bone 
of  the  little  finger,  8  ;  on  the 
plantar  surface  of  the  terminal  phalanx  of  the  great  toe,  34 ;  in  the  centre  of 


Fig.  37. 


A.  Side  view  of  a  papilla  of  tlie  liand.  a.  Cortical  layer, 
with  plasm-cells  and  tine  elastic  fibres  ;  b.  tactile  corpuscle, 
with  transverse  nuclei ;  c.  small  nerve  of  the  papilla,  with 
neurilemma ;  d.  its  two  nervous  fibres  running  with  spiral 
coils  around  the  tactile  corpuscle ;  e.  apparent  termination 
of  one  of  these  fibres.  B.  A  tactile  papilla  seen  from 
above,  so  as  to  show  its  transverse  section  a.  Cortical 
layer,  with  plasm-cells;  5.  a  nerve-fibre;  c.  outer  layer  of 
the  tactile  body,  with  nuclei;  rf.  clear  interior  substance. 
From  the  human  subject;  treated  with  acetic  acid.  Mag- 
nified 350  times. 
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the  sole  of  the  foot,  7  to  8.  With  respect  to  their  size,  Meissner  found  those 
on  the  pita         ,  long,  and  l^™^'' '  the  dorsal  sur- 

of  thi  fingers,' -W/' in  length  and  breadth;  those  on  the  heel,  ,V'- 
in  length  and  breadth. 

In  the  hand,  the  corpiiscnla  tactvs  are  seen  more  especially  in  the  compound 
paÄn  pecuKar,  more  or  less  distinct,  mostly  short,  but  often  longer  pomts ; 
more  seldom  they  occur  in  simple  7^7;^//^'. 

FrnnentT;  especially  after  the  addition  of  acetic  acid,  they  present  here 
and  Ze  constrictionsfand  son.etin>es  a  spiral  forn,  so  that  «-7  - 
to  have  a  certain  resemblance  to  a  bundle  of  areolar  tissue  treated  ni  the 
Lre  manner,  or  to  a  spiral  sudoriparous  duct.  In  other  Pl--- «-^^^Pf^^^^^ 
contain  no  tactile  bodies  and  no  nerves,  and  the  manner  m  wh.ch  the  latter 
terminate  is  entirely  unknown.  . 

The  elements  of  L  nerves  of  the  skin  do  not  present  any  special  pecu- 
liarities. In  the  small  nerve-trtmks,  in  the  subcutaneous  cellular  tissue,  son  e 
of  he  fibres  measure  as  much  as  0  005"'  and  o-oo6'",  which  ,s  also  the 
case  in  the  deepest  portions  of  the  corium  ;  while  towards  the  surface  they 
an  become  gradually  finer.  In  the  terminal  plexuses,  I  find  they  vary  in 
cMfFerent  localities  from  0-003"'  to  o-oo.6"-;  lastly,  m  the  pap.lte,  from 
o"ooo8"'  to  o'ooz". 


^  40.  Development  of  the  Cutis.-The  following  may  be  con- 
sidered as  an  outline  of  the  development  of  the  cutis  m  the  fcetus  : 
The  corium  consists,  at  first,  of  cells,  which,  although  not  m 
man,  may  in  animals  (e.g.  the  frog)  be  traced  back  to  the  first 
formative  cells  of  the  embryo.    A  large  portion  of  these  cells  are 
converted  into  connective  tissue,  becoming  spmdle-shaped,  blending 
too-ether,  and  being  metamorphosed  into  bundles  of  fibrils.  This 
process,  to  all  appearance,  takes  place  first  in  the  fascia  superficialis 
and  the  subcutaneous  cellular  tissue;  next  in  the  reticular,  and 
lastly,  in  the  papillary  part  of  the  corium.    Another  portion  of  the 
cells  are  changed  into  vessels  and  nerves,  as  can  be  followed  to  some 
extent  in  man,  and  very  beautifully  in  the  batrachia  (see  my  me- 
moir in  Ann.  d.  Sc.  Nat.,  1846) ;  a  third  part,  finally,  are  converted 
into  elastic  fibres  and  plasm-cells,  and  by  the  formation  of  fat  in 
their  interior,  into  fat-cells  (see  above).  When  the  first  foundation 
of  all  these  parts  has  been  laid,  they  increase  in  a  manner  which 
is  not  yet  in  all  points  ascertained.    The  corium  grows  evidently 
from  within  outwards  (so  that  the  papillae  are  the  last  to  be  formed ), 
partly  by  the  growth  of  its  original  elements,  partly  through  means 
of  cells,  which  possibly  proceed  from  the  original  formative  cells. 
The  panuiculus  adiposus  increases,  likewise,  partly  by  the  enlarge- 
ment of  its  primitive  cells,  partly  by  the  formation  of  others,  as 
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also  of  connective  tissue  and  vessels.  In  this  way,  the  skin  con- 
tinues to  grow  for  a  long  time  after  birth  (thus  in  children  the 
corium  is,  according  to  Krause,  only  half  as  thick  as  in  the  adult), 
till  at  length,  but  at  a  time  as  yet  undetermined,  the  new  formation 
of  cells  ceases,  and  also,  at  a  much  later  period,  the  extension  of 
the  already-formed  elements,  cells,  fibres,  etc.  The  fat-cells,  in 
which  the  process  of  growth  is  especially  perceptible,  are,  according 
to  Harting,  in  adults,  in  the  cavity  of  the  orbit  twice,  in  the  palmar 
surface  of  the  hand  three  times  the  size  of  those  in  the  new-born 
child;  whence  it  follows  that  they  enlarge  in  proportion  to  the 
parts  of  the  body  to  which  they  belong. 

The  skin,  in  embryos  two  months  old,  is  o-oo6"'  to  o"oi'" 
thick,  and  entirely  made  up  of  cells.  In  the  third  month,  it 
amounts  to  o'o6'",  and  already  possesses  tolerably  evident  con- 
nective tissue.  In  the  fourth  month,  the  first  fat-lobules  arise, 
together  with  the  ridges  on  the  hand  and  sole  of  the  foot.  In  the 
sixth  month,  the  skin  measures  o-6"'  to  07'",  and  the  papilloe 
become  developed.  From  the  seventh  month  onwards,  the  pan- 
niculus  adiposus  is  very  much  increased,  and  is,  at  birth,  relatively 
thicker  than  in  the  adult. 

§  41.  Physiological  Remarks. — When  we  endeavour  to  bring  the 
anatomical  data,  communicated  above,  into  unison  with  the  phe- 
nomena of  sensation  of  the  skin,  we  encounter  very  considerable 
difficulties.  The  more  minute  anatomy  of  the  skin,  as  at  present 
known,  fails  to  demonstrate  nerves  in  all  the  papillae^  or  even  in 
the  majority  of  them  ;  and,  nevertheless,  experiment  shows  that  all 
parts  of  the  skin  are  sensitive,  although  not  with  equal  acuteness. 
As  the  papillae  which  contain  nerves  are  but  scanty  in  the  palm  of 
the  hand,  and  in  other  places  very  rare,  or  even  not  to  be  demon- 
strated, we  are  obliged  either  to  lay  down  the  hypothesis,  that  all 
papillse  contain  nerve-tubules  destitute  of  white  substance,  or  to 
have  recourse  to  the  nervous  plexuses  at  the  bases  of  the  papillte. 
I  must,  for  the  present,  prefer  the  latter  explanation,  although 
these  plexuses  are,  in  many  places,  so  scanty,  that  it  appears  almost 
impossible,  by  means  of  them,  to  explain  the  fact,  that  the  slightest 
contact  of  the  epidermis  produces  sensation.  If  we  are  not  in  a 
position  to  explain  how  every  part  of  the  skin  is  sensitive,  we  are 
still  less  able  to  off'er  an  explanation  of  the  various  kinds  of  sensa- 
tions. Nevertheless,  the  following  considerations  may  be  stated  as 
to  the  latter  question  : 

G  2 
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The  stimulation  of  the  extremities  of  the  nerves  in  the  most 
external  parts  of  the  cutis  takes  place  either  directly  or  indirectly 
The  former,  such,  for  example,  as  is  caused  in  a  denuded  part  ot 
the  cutis  hy  a  penetrating  instrnment,  stimulating  fluids,  etc  is 
much  more  intense  than  that  effected  through  the  medium  of  the 
cuticle,  as  this  covering  serves  as  a  protection  against  too  strong 
impressions,  and  moderates  their  influence  according  to  its  greater 
or  less  development.    Now  it  can  he  partly  explained  anatomically, 
why  the  fineness  and  vividness  of  the  sense  of  touch  is  not  every- 
where the  same;  less  on  the  hairy  scalp,  the  back,  and  the  two 
upper  segments  of  the  extremities,  than  on  the  face,  the  gemtals,  the 
hand  and  foot,  chest,  and  abdomen.    Firstly,  the  epidermis  is  thm 
where  the  sensibility  is  great,  as  upon  the  eyelids  and  the  face,  or 
has,  at  least,  a  thin  horny  layer,  as  upon  the  penis  and  chtoris ; 
whilst,  upon  the  back  and  extremities,  it  is,  in  part  considerably 
thicker.    But  this  circumstance  alone  does  not  suflice  to  explain 
all  as  parts  endowed  with  a  thicker  epidermis,  such  as  the  palm  ot 
the  hand  and  sole  of  the  foot,  are  capable  of  fine  and  delicate  im- 
pressions, nay,  more  so  than  others  with  a  thinner  covering,  as  the 
dorsal  surfaces  of  the  hands  and  feet.    Another  circumstance  must 
here  manifestlv  be  taken  into  account,  namely,  that  the  different 
parts  of  the  skin  are  not  equally  supplied  loith  neri-es.  Simple 
inspection  shows,  that  the  nerves  upon  the  palm  of  the  hand  and 
sole  of  the  foot  are  more  numerous  than  on  the  dorsal  surface  ot 
these  organs;  upon  the  glans  penis  and  clitoris,  the  nipple,  the 
face   they  are  more  numerous  than  upon  the  abdomen,  back, 
thighs,  etc.;  and  my  measurements  of  the  sensitive  roots  of  the 
spinal  nerves  confirm  this  in  part.    Again,  the  number  of  the  d.s- 
tinctlv  demonstrable  dark-contoured  nerve-fibres  in  the  papilla  and 
superficial  plexus  is  also  connected  with  that  of  the  nerves,  for 
nowhere  is  this  more  considerable  than  on  the  tips  of  the  fingers, 
the  lips,  the  apex  of  the  tongue,  and  the  glam  penis. 

E  H.  Weber  has  endeavoured  to  prove,  in  his  last  excellent 
paper  on  the  sense  of  touch,  that  only  the  terminations  of  the 
nerves  in  the  skin,  and  not  the  fibres  in  the  nervous  trunks,  con- 
stitute the  media  of  the  sensations  of  pressure,  warmth,  and  cold ; 
and,  therefore,  thinks  it  probable  that  minute  organs  of  touch, 
hitherto  unknown,  may  be  present  in  the  skin.  R.^^ agner  be- 
lieves in  fact,  that  Meissner  and  he  have  found  these  organs  m  the 
so-called  tactile  bodies;  and  has  expressed  the  opmion  that  these 
organs  which  he  believes  are  composed  of  membranes  arranged 
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in  layers,  and  in  whose  interstices  there  is  a  very  small  quan- 
tity of  fluid,  are,  like  elastic  cushions,  or  a  bladder  filled  with 
fluid,  very  well  adapted  to  receive  impressions  from  the  epider- 
mis at  their  point  which  is  directed  towards  the  surface,  and  to 
propagate  them  to  the  nervous  extremities  which  lie  in  and  upon 
these  bodies. 

In  my  opinion,  Weber's  view  of  the  greater  sensibility  of  the 
terminations  of  the  nerves  can  scarcely  be  doubted ;  on  the  other 
hand,  there  is  no  reason  to  be  perceived,  ä  priori,  why,  in  order  to 
render  it  available,  peculiar  and  as  yet  unknown  organs  should  be 
required;  nor  why  the  conditions  already  mentioned  by  me,  the 
more  isolated  course  of  the  nerve  tubules  in  the  papillae  and  ter- 
minal plexuses,  their  fineness,  superficial  position,  and  the  delicacy 
or  absence  of  the  neurilemma,  do  not  completely  suffice  as  an  ex- 
planation. At  all  events,  it  is  easy  to  show  that  the  tactile  bodies 
of  Meissner  and  Wagner  are  not  tactile  organs,  in  the  sense  in- 
tended by  Weber.  Apart  from  the  circumstance,  that  Wagner^ s 
account  of  their  structure  is  incorrect,  we  find  that  all  the  essential 
functions  of  the  shin  can  also  be  fulfilled  without  such  bodies.  The 
sensation  of  warmth  and  cold,  of  tickling,  of  pressure,  of  pricking, 
of  burning,  or  of  pain,  takes  place  in  the  entire  extent  of  the 
skin,  and  in  parts  where  such  bodies  are  decidedly  wanting, 
which  sufficiently  shows  that  they  have  not,  in  the  remotest  degree, 
the  importance  which  has  been  ascribed  to  them  by  Wagner. 
Nevertheless,  it  is  plainly  not  without  some  reason  that  they  are 
situated  in  places  in  which  the  sensibility  to  pressure  is  the  most 
delicate,  and  which  we  use  prominently  as  organs  of  touch,  as  on 
the  extremities  of  the  fiogers,  the  tip  of  the  tongue,  and  the 
margins  of  the  lips ;  and  I  regard  them  as  parts,  which,  by  vh'tue 
of  their  composition,  ichich  consists  princijjcdly  of  dense,  immature 
connective  and  elastic  tissue,  i7npart  a  certain  firmness  to  the  apices 
of  the  papillce,  and  serve  as  a  firmer  support  to  the  rierves ;  whence 
it  arises,  that  a  pressure,  ^vhich  in  other  places  is  not  sufficient  to 
compress  the  nerves,  here  operates.  They  are,  accordingly,  to  be 
regarded  as  organs  like  the  phalangeal  bones  and  the  nails,  not 
essential  and  absolutely  necessary  to  the  sensation  of  pressure  and 
touch,  but  only  capable  of  rendering  the  function  more  acute 
than  in  other  parts.  If,  in  this  sense,  they  are  designated  tactile 
bodies,  I  have  nothing  to  object,  only  then  the  phalanges  and  the 
nails,  and  the  ^  whiskers '  of  quadrupeds,  may  be  with  the  same 
propriety  called  tactile  organs. 

The  contractility  of  the  skin  shows  itself  in  the  wrinkling  of  the 
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scrotum  and  of  the  skin  of  the  penis,  the  erection  of  the  nipple, 
and  the  occurrence  of  the  so-called  goose-skin,  cutis  ansenna. 
This  depends  upon  the  above-described  smooth  muscles  of  the 
skin,  which,  as  Froriep,  and  afterwards  Broton-Sequard  and  1  have 
found,  contract  under  the  influence  of  electricity;  for  even  in  the 
livins  subject  the  cutis  anserina  and  erection  of  the  nipple,  and  in 
the  bodies  of  executed  persons  a  wrinkling  of  the  scrotum,  can  be 
effected  by  that  stimulus.    During  the  erection  of  the  nipple  by 
means  of  gentle  mechanical  stimulation,  the  entire  areola  dimi- 
nishes by  the  contraction  of  its  circular  fibres,  and  thus  pushes  for- 
wards  the  nipple  itself,  whose  fibres,  in  this  case,  appear  to  be 
relaxed     Under  the  influence  of  cold  the  nipple  and  its  areola 
contract,  and  both  become  small  and  hard.    The  cutis  anscrma 
which  consists  in  local  contractions  of  those  parts  of  the  skm  seated 
around  the  hair-follicles,  by  which  the  openings  of  the  follicles  are 
pushed  forwards  conically,  can  be  easily  explained  by  means  of  the 
muscles  found  by  me,  which  extend  from  the  superficial  parts  ot 
the  corium  downwards  to  the  hair-follicles,  and  when  they  are  in 
activity  protrude  the  follicles,  and  draw  in  those  parts  from  which 
thev  take  their  origin.    The  assumption  of  a  contractile  connective 
tissue  in  the  skin,  as  also  in  other  parts,  I  must,  as  foi^er  y 
(Mittheil.   der   Zürcher  Naturf.   Gesellschaft,  1847),  decidedly 
reiect  because  the  existence  of  smooth  muscles,  demonstrable  by 
the  microscope  in  the  skin,  whose  contraction  under  the  influence 
of  galvanism  can  be  shown  by  experiment,  sufficiently  explains  all 
the  phenomena  of  contraction  exhibited  by  the  skm. 

With  reference  to  the  office  of  the  touch-bodies,  Jfrissner  has,  in  his 
larger  work,  expressed  the  opinion,  that  they  are  subservient  to  a  specifio 
function,  which  is  only  met  with  in  the  hands  and  f-M/-*  ^ 
sensation  of  toneh.  This  is  defined  as  the  simple  perception  of  an  ex te  nal 
obiect  without  the  sensation  of  pressure  ;  hut  in  a  later  work  {ZntsehnJtJ. 
Tafmd.,  1854,  page  .60),  is  designated  as  'Perception  of  pressure  by  means 
of  the  touch-bodies.'  No  one  will  blame  the  able  discoverer  o  the  touch- 
bodies,  in  endeavouring  to  ascribe  to  them  an  important  physiological  func- 
tion ■  but,  upon  the  other  hand,  no  unprejudiced  person  will  he  induced  to 
declare  the  perceptions  of  pressure,  wdiich  we  experience  in  the  palm  and 
sole  (apart  from  their  delicacy),  to  be  different  from  those  which  we  receive 
from  other  nerves  of  the  skin. 

B.  EPIDERMIS. 

42  The  corium  is,  in  its  entire  extent,  covered  by  a  semi- 
transparent  membrane,  which  is  destitute  of  vessels  and  nerves, 
and  composed  entirely  of  cells  ~  the  epidermis.    This  is  closely 
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fitted  to  all  the  subjacent  elevations  and  depressions;  and  on  this 
account  its  inner  surface  is  an  exact  mould  of  the  external  surface 
of  the  corium,  and  in  such  a  manner,  that  where  the  latter  presents 
an  elevation,  the  former  exhibits  a  conformable  depression,  and 
vice  versa.  Upon  the  external  surface,  also,  of  the  epidermis,  the 
form  of  the  corimn  is  repeated,  to  a  certain  extent,  inasmuch  as 
the  more  important  elevations  and  depressions,  such  as  the  ridges 

Fig.  38. 


Under  surface  of  the  epidermis,  detached  by  maceration  from  the  pahn,  sliowiug  tlie  double 
rows  of  depressions,  in  whicli  the  papilla  have  been  lodged,  with  the  sudoriferous  ducts 
extracted  out  of  the  cutis.    After  Todd  and  Bowman. 

of  the  palm  of  the  hand  and  of  the  sole  of  the  foot,  the  furrows 
at  the  joints,  the  muscular  insertions,  etc.,  are  expressed  on  it  — 
the  latter  even  more  strongly ;  while  the  papillce  occasion  either 
no  discernible  elevation,  or  scarcely  any. 

The  epidermis  is  composed  of  two  layers,  which  differ  from  each 
other  in  structure  and  chemical  composition,  and  are  separated  by 
a  tolerably  distinct  boundary  line,  viz.,  the  mucous  layer  and  the 
horny  layer. 

§  43.  The  mucous  lay  er  ^  stratum  Malpighii,  rete,  or  mucus  Mal- 
pighii  of  many  authors,  is  the  inner  undulating  portion  of  the 
epidermis,  immediately  adjoining  the  corium,  which  in  many 
places,  even  with  the  naked  eye,  can  be  distinguished  by  its  white 
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The  form  of  these  cells, 

Fig.  39. 


or  various  shades  of  brown  colour  from  the  horny  layer,  and  is 
characterised  by  its  soft,  easily  destructible,  pecuharly  arranged, 

small  cells.  . 

as  well  as  their  arrangement,  is  not 

everywhere  the  same.  The  most 
internal,  which  lie  immediately  upon 
the  fi'ce  surface  of  the  corium  in  the 
form  of  a  simple  layer,  without  in- 
termingled nuclei  or  semi-fluid  sub- 
stance, are  elongated,  like  columnar 
epithelial  cells,  and  stand  perpendi- 
cularly on  the  corium ;  their  length 
amounts  to  from  0-0033"'  to  o'oob'", 
their  breadth,  0-0025"'  to  0-003"'. 

Upon  these  immediately  follow, 
in  most  regions,  oblong  or  even 
round  cells,  from  0-003'"  to  0-004", 
in  several  layers ;  but  in  some  places, 
as  on  the  hand  and  foot,  at  the 
,  ,    , .   ,    free  border  of  the  eye-lids,  on  the 

Perpendicular  section  tliroush  tlie  skm  ot  a  -l  «v^rl  lioiv 

negro  (from  the  leg),    a.  Papillas;     deepest  j^^cOUS  laVCr  01  tllC  UaiiS  aUQ  nair, 

intensely  colo^^red  layer  of  elongated  cells  of  j.i  1  f 

the  stratum  miicostun  ;  c.  upper  layer  of  the  ^^^O,  aud    eVCU  ttirCC  layCrS  OI 

stratum  mucosum;  d.  horny  layer.    Magm-  '   .  ,  -, 

tied  150  diameters.  likcwisc  clougatcd  and  pcrpcnüicu- 

larly  arranged  elements,  are  interposed  between  the  round  and 
the  elongated  cells,  so  that  the  mucous  layer,  on  account  of  the 
numerous  perpendicularly  disposed  layers  of  cells,  presents,  under 
a  higher  magnifying  power,  a  striated  appearance.    This  condition 
is  the  more  conspicuous,  since  the  other  elements  of  the  mucous 
layer,  the  further  they  are  traced  from  the  first  round  cells  out- 
wardly, become  thinner  in  another  direction,  viz.,  are  flattened 
horizontally ;  and,  at  length,  in  the  uppermost  layers,  are  converted 
into  vesicles,  from  0-006"'  to  o-oi6"  in  breadth,  and  from  0-002' 
to  0-008"'  in  thickness.    At  the  same  time,  in  consequence  of 
mutual  pressure,  they  take  on  a  more  or  less  evident  polygonal 
form,  which  can  also  be  perceived  in  isolated  cells. 

All  the  cells  of  the  mucous  layer  agree  essentially  in  their 
structure,  and  are  nucleated  vesicles  entirely  filled  with  fluid. 
Their  membrane  is  pale,  in  the  smallest  often  difficult  to  demon- 
strate, often  quite  evident,  always  delicate,  and  though  stouter  in 
the  larger  cells,  yet  not  to  be  compared  to  that  of  the  cells  of  the 
horny  layer.  Their  contents  are  never  entirely  fluid,  although,  with 
the  exception  of  coloured  epidermis  (see  below),  they  never  normally 
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contain  large  elements,  such  as  coarse  granules,  or  oil-drops,  for 
instance,  but  a  finely  granulated  matter,  in  which  the  granules  are 
more  or  less  distinct ;  and  these  granules,  without  exception,  become 
more  scanty  in  the  more  external  cells.  The  nucleus  is  small  in 
the  smallest  cells  (o'oois'"  to  0-0025'")  ;  in  the  large,  larger  (0-003'" 
to  0  005"');  spherical  or  lenticular  in  the  round  and  flattened, 
oblong  in  the  elongated  cells.  In  the  larger  cells  it  appears  dis- 
tinctly as  a  vesicle,  often  with  a  nucleolus,  and  lies  in  the  centre 
amidst  the  contents ;  in  the  smaller,  it  is,  to  all  appearance,  more 
granular  or  homogeneous,  without  a  perceptible  nucleolus,  and  so 
situated,  that  it  not  unfrequently  touches  the  cell-wall. 

The  cells  of  the  mucous  layer  become  pale  in  dilute  caustic 
alkalies,  swell,  and  soon  dissolve  (the  deepest  layers  first)  into  a 
mucous  mass.  Acetic  acid  acts  upon  these  cells  much  less  power- 
fully, and  is  especially  suitable  for  their  examination. 

§  44.  The  horny  layer,  stratum  corneum,  constitutes  the  external 
semi-transparent  portion  of  the  epidermis,  which,  in  the  white 
races,  is  colourless,  and  consists  almost  ^'s-  40. 

entirely  of  uniformly  constructed  cells  ^ 
converted  into  plates.    The  deepest  still  ) 
very  much  resemble  the  most  superficial  /^^^ (ß^ ^  \ 

cells  of  the  mucous  layer ;  but  even  in  K^^^^^^^^^ 
the  second  or  third  layer,  the  widely 
deviating  epidermic  or  horny  plates  are  ü 
to  be  found.    They  are  real  plates  of        _  ^  1 
middling  thickness,  which,  in  the  lower  ^^^--^^^^ 
and  middle  portions  of  the  horny  layer, 
possess  a  tolerably  regular,  polygonal  r 
form,  and  smooth   surfaces:   in  the 
upper  layers,  on  the  other  hand,  their 
outline  becomes  more  irregular,  and 
they  are  variously  curved  and  bent, 
and,  therefore,  often  appear  wrinkled 
and  folded.    These  plates  must  be  con- 
sidered as  completely  flattened  cells, 
furnished  with  a  very  small  quantity  of 

•  1    /3    •  1  1     "  ,         1  Horny  plates  of  man.    1 .  Without  ad- 

a  Viscid  fluid,  and  not  as  homogeneous  cUtlon,  viewed  from  the  surtace;  2  and  3. 
1         n        n  T         ,-1         i^ii  treated  with  water,  granular  and  dark : 

iamellse,  tormecl  entirely  ot  the  same  4.  nucleated  piates,  such  as  occur  on  the 

1    ,  •    T  ,  i  n     A     ■    1  ,      outer  surface  of  the  labia  minora,  and  on 

substance,  as  might  appear  at  hrst  sight;    the  glans  penis.  Magnified 350  diameters 

for  on  the  addition  of  various  re-agents,  particularly  of  acetic  acid 
or  caustic  potass  and  soda,  they  swell  and  acquire  the  form  of 
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vesicles.  After  this,  a  rudimentary  nucleus  comes  into  view  in  a 
few  of  them,  but  by  no  means  in  the  majority,  and  particularly  m 
those  from  the  middle  and  inner  portions  of  the  horny  layer.  Ihe 
nucleus  has  the  form  of  a  flat,  homogeneous,  roundish  or  elongated 
corpuscle,  from  0-003'"  to  o-oo4"-  long,  and  0-002'"  to  0  003  broad ; 
and,  on  account  of  its  dark  contour,  is  easily  perceived  especially 
when  viewed  from  the  side.  The  size  of  the  plates  of  the  ordinary 
horny  layer  varies  from  o-oo8"'  to  0-020"',  and  generally  measures 

"whilst  the  mucous  layer,  the  uppermost  cells  excepted,  is  only 
indistinctly  stratified,  an  evident  stratification  is  found  throughout 
the  horny  layer,  occasioned  by  the  apposition  of  the  surfaces  of 
the  plates,  which,  according  to  the  thickness  of  the  whole, 
form  a  variable  number  of  strata,  having,  in  the  inner  layers 
an  undulating  course.  These  strata,  however,  are  not  capable  ot 
being  separated  from  each  other  as  simple  layers  of  cells,  but 
cohere  by  their  contiguous  surfaces  in  such  a  way  that  they  are 
separable  with  the  knife  only  into  portions  composed  of  several  sim- 
ple strata;  and,  as  such,  they  can  be  readily  shown,  especially  alter 
boiling  or  maceration  of  the  epidermis. 

§  4C  With  respect  to  the  cohur  of  the  epidermis,  the  homy  layer 
is  as  has  been  already  mentioned,  in  the  white  races,  transparent 
and  colourless,  or  has  a  slight  tinge  of  yellow;  the  mucous  layer, 
yellowish-white,  or  with  various  shades  of  brown  or  blackish-brown. 
The  darker  pigment,  which  is  found  on  the  areola  of  the  nipple, 
on  the  genitals,  and,  in  exceptional  cases,  also,  in  other  parts  ot 
the  skin,  is  not  situated  in  special  pigment-cells,  but  m  the  or- 
dinary cells  of  the  mucous  layer,  around  whose  nuclei  either  a 
finely  granular  or  more  homogreiieous  colouring  matter,  or  actual 
pi<rment-granules,  are  deposited.    Sometimes  the  deepest  layer  of 
these  cells  is  alone  coloured,  sometimes  two,  three,  or  more  layers, 
so  that  the  deep  part  appears  as  a  dark  stratum.    In  the  negro 
and  the  other  coloured  races  of  mankind,  the  epidermis  is  hkewise 
the  only  part  which  is  coloured,  while  the  corium  presents  entirely 
the  same  characters  as  in  the  European;  the  pigment,  however  is 
much  darker  and  more  widely  distributed.    All  the  cells  of  the 
mucous  layer  are,  with  the  exception  of  their  membranes,  coloured 
in  their  entire  extent,  and  more  especially  in  the  parts  surrounding 
the  nucleus,  which,  in  the  deeper  strata,  are  by  far  the  darkest 
parts  of  the  cells.    The  horny  layer,  also,  has  a  yellowish  or 
brownish  tinge. 
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Patlwlogical  colourings  of  the  epidermis  (freckles,  mother's  marks,  etc), 
according  to  Simon,  Krause,  B'drensprung,  and  what  I  myself  have  seen, 
present  entirely  the  same  characters  as  the  more  intensely  coloured  parts  in 
the  white  races,  and  the  skin  of  the  negro.  Different  from  these  are  the 
pigments  in  the  corinm  and  the  pcqnll^P,  which  are  observed  in  cicatrices  after 
chronic  inflammation  of  the  skin, —  and  often,  as  in  Ichthyosis  and  many  n<revi, 
in  conjunction  with  a  coloured  ej)idermis, —  in  which  the  pigment  is  developed 
directly  from  the  blood-corpuscles  and  their  colouring  matter.  Cases  of  par- 
tially or  totally  white  negroes  and  black  Europeans,  not  in  consequence  of  a 
change  of  the  climate,  but  from  a  congenital  or  subsequently  occurring 
abnormal  condition  of  the  skin,  have  been  recorded  (see  Hildebrandt- 
Weber,  ii.,  page  526,  Flourens,  Compt.  rend.,  xvii.) ;  still,  in  respect  to  future 
cases  of  this  kind,  at  least  in  the  dark  coloration  of  Europeans,  it  must 
be  kept  in  mind,  that  it  can  also  arise  from  deposited  colouring  matter  of 
the  bile. 

§  46.  The  thichness  of  the  entire  epidermis  varies  between  and 
if",  wliich  depends  tipon  the  various  depths  of  the  horny  layer, 
and  measures  in  most  places  between         and  jy". 

The  absolute  thickness  of  the  mucous  layer  (at  the  base  of  the 
papillae)  varies  between  o'oof"  and  0'i6"' ;  in  many  places,  as  in  the 
face,  the  genitals,  and  on  the  breasts,  it  is  thicker  than  the  horny 
layer,  and  measures  004'",  or  where  it  is  thinner,  from  O'Oi'"  to  0'02'". 
The  horny  layer  measures  only  0'005'"  in  many  places,  in  others 
attains  the  thickness  of  i'"  or  more ;  where  it  exceeds  the  mucous 
layer,  it  amounts  to  o'l'"  to  O'^" ;  where  it  is  less  than  it,  o'oi'". 

§  47.  Physical  and  Chemical  Qualities. — The  cells  of  the  epider- 
mis do  not  contain,  either  in  their  membranes  or  in  their  interstices, 
demonstrable  pores  (apart  from  the  sudoriparous  canals  and  hair- 
follicles,  which,  in  a  certain  measure,  have  their  outermost  parts 
excavated  in  the  epidermis),  and  form  a  very  firm,  scarcely  per- 
meable mass.  Many  experiments,  particularly  those  of  Krause, 
show  that  the  horny  layer  of  the  epidermis  does  not  allow  liquids 
to  permeate  it  (except  such  as  act  chemically  on  the  structure,  as 
mineral  acids  and  caustic  alkalies),  either  by  pores,  imbibition,  or 
endosraose  and  exosmose,  but  takes  up  with  facility  gaseous  and 
volatile  substances  (alcohol,  ether,  acetic  acid,  ammonia,  ethereal 
solutions  of  chloride  of  iron,  alcoholic  solutions  of  acetate  of  lead, 
etc.),  or  gives  them  off  (cutaneous  transpiration).  And  this  con- 
clusion is  not  weakened  by  the  undeniable  passage  of  water  and 
other  liquids,  unguents,  and  even  solid  bodies  (sulphur,  vermilion) 
through  the  uninjured  epidermis ;  for,  in  these  cases  absorption  is 
favoured  by  mechanical  intrusion  of  the  substances  in  and  through 
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the  sudoriparous  canals  and  hair-foUicles,  or  their  penetration  into 
the  sudoriparous  canals  and  mixture  with  the  sweat.  The  mucous 
layer,  at  all  events,  is  easily  permeated  by  liquids,  as  pathological 
anatomy  sufficiently  shows  (exudations,  which  permeate  the  mu- 
cous layer,  and  raise  up  the  epidermis  in  the  form  of  vesicles ;  easy 
absorption  after  the  horny  layer  and  uppermost  strata  ot  the 
mucous  layer  are  removed  by  vesication). 

The  so-called  keratine,  which  constitutes  the  membranes  ot  the 
horny  plates,  is  insoluble  in  water,  easily  soluble  in  concentrated 
alkalies  and  concentrated  sulphuric  acid ;  acetic  acid  also  dissolves 
it  after  it  has  first  become  gelatinous,  whereby  it  is  distinguished 
from  the  protein  substance  of  the  hair.  It  contains  less  sulphur 
than  that  of  the  hair  and  nails,  which  may  be  the  cause  that  salts 
of  lead,  quicksilver,  and  bismuth  colour  the  hair,  but  not  the 
epidermis.  Besides,  there  is,  according  to  Mulder,  a  jellyhke 
niatter  in  the  horny  layer,  which  is  obtained  by  boiUng  m  water, 
and  is  said  to  yield  gelatine. 

§  48.  Growth  and  Regeneratwn.-T:he  epidermis  possesses  no 
continuous  growth  dependent  on  intrinsic  causes,  and  founded 
on  the  vital  relations  of  its  cells,  or  of  the  corium;  it  is  essen- 
tially a  stable  structure,  which  does  not  vary  in  its  elementary 
parts,  but,  like  a  cartilage,  directs  all  its  vital  energies  to  maintain 
itself  as  a  whole  (constant  thickness  of  the  entire  epidermis  and  re- 
lation of  the  rete  MalpigUi  to  the  horny  layer),  and,  m  its  indi- 
vidual parts,  always  the  same.   Since,  however,  the  removal  of  the 
most  external  layers,  if  not  necessarily,  still  accidentally,  occurs 
more  or  less  over  the  entire  body,  the  epidermis  is  continually  under- 
going repair  of  its  lost  substance,  or,  in  other  words,  growing;  its 
vegetative  life  is  thus  manifested  in  a  more  perceptible  manner. 
In  either  case,  however,  the  fluids  requisite  for  the  epidermis  are 
derived  from  the  corium  and  its  vessels.    We  may  assume  that  m 
every  place  a  certain  fixed  quantity  of  plasma,  corresponding  to 
anatomical  and  physiological  conditions  of  the  vessels  of  the  c»«« 
and  the  thickness  of  the  epidermis,  penetrates  the  latter,^  and, 
except  as  regards  the  more  watery  portion,  destined  for  the  forma- 
tion of  the  cutaneous  transpiration,  when  the  epidermis  is  not 
growing,  simply  fills  its  cells  and  plates,  preserves  their  vital  power, 
and  at  most,  causes  at  times  more  abundant  collections  of  pigment 
in  the  rete  Malpiglni.    If,  on  the  other  hand,  the  external  layers 
are  removed,  a  certain  quantity  of  plasma  becomes  free  and  ap- 
propriable, and  their  regeneration  takes  place,  which,  if  it  steadily 
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continues,  may  be  called  growth.  The  deepest  layers  of  cells  are 
undoubtedly  concerned  in  this  regeneration,  in  forming  new  cells 
by  often  repeated  divisions. 

In  the  deep  fold  of  the  skin  which  surrounds  the  fjlmts  penis  Q,nd  the  clitoris, 
a  constant  throwing  off  and  reproduction  of  the  epidermic  scales,  which  are 
here  soft  and  nucleated,  takes  place,  by  which  a  peculiar  secretion,  the 
smegma  profjnitii,  is  occasioned,  in  the  formation  of  which,  at  least  in  the 
male  sex,  the  secretion  of  the  sebaceous  follicles  of  the  prepuce  (see  postea) 
takes  part.  A  casting-ofF,  or  desquamation  of  the  entire  horny  layer  of  the 
epidermis  in  a  more  extensive  degree,  as  occurs  in  the  embryo  and  in  many 
animals,  is  not  met  with  in  after  life,  except  in  certain  diseases.  On  the  other 
hand,  its  capability  of  regeneration  is  exhibited  in  other  ways  besides  that 
above  described.  When  portions  of  the  epidermis  are  cut  out,  they  are  easily 
and  speedily  restored,  provided  the  corium  is  not  injured.  This  does  not  take 
place  by  means  of  the  deposition  of  epidermis  immediately  from  the  corium 
in  the  seat  of  the  wound,  but  by  an  up-growthof  the  whole  epidermis  from  below; 
and  this  undoubtedly  does  not  take  place  by  a  new  formation  of  cells,  but  by  the 
increase  of  the  remaining  cells  of  the  MaljDighian  layer,  probably  by  means  of 
cell-division.  If  the  corium  be  injured  as  well,  an  epidermis  is  formed  upon 
the  substance  of  the  cicatrix,  but  without  the  original  depressions  and  eleva- 
tions, because  the  new  cutis  possesses  no  papillae  or  ridges.  If  the  epidermis 
be  raised  into  vesicles  by  means  of  certain  irritating  substances,  as  tartrate 
of  antimony,  or  by  scorching,  scalding,  etc.,  the  raised  portion,  which  consists 
of  the  horny  layer  and  part  of  the  mucous  layer,  never  again  becomes 
attached ;  but  a  new  horny  layer  is  gradually  formed  from  the  main  portion 
of  the  mucous  layer,  which  generally  remains  adherent  to  the  papillse. 

§  49.  Development  of  tlie  Epidermis. — The  first  layers  of  the 
epidermis  arise,  in  the  mammalia,  from  the  metamorphosis  of  the 
most  superficial  formative  cells  which  originally  compose  the 
young  embryo.  When  the  first  foundations  of  the  mucous  and 
horny  layers  are  laid  down,  the  former  continually  increases  in 
thickness  by  the  multiplication  of  its  elements ;  while  the  horny 
layer  recruits  itself  therefrom,  in  order  to  its  own  increase  and  the 
repair  of  loss  by  desquamation,  just  in  the  same  manner  as  in  the 
adult.  As  regards  the  horizontal  extension  of  the  epidermis,  it 
would  seem  to  be,  only  in  a  very  slight  degree,  owing  to  the  en- 
largement of  the  elements,  as  Harting  {^Reclierches  Micrometr.^ 
p.  47)  justly  infers  from  the  fact,  that  the  epidermic  scales  of  the 
foetus  and  of  the  adult  differ  very  little  in  superficial  extent.  Accord- 
ingly, from  the  great  horizontal  growth  of  the  cutis  and  rete  Mal- 
pighii,  and  the  small  capability  of  extension  of  the  strata  of  the 
horny  layer,  we  are  constrained  to  assume  that  a  series  of  desqua- 
mations  of  the  latter  occur,  which,  if  this  opinion  be  correct,  must 
be  demonstrable  after  birth. 
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During  embryonic  life  repeated  desquamations  of  f  ^/Pf 
This  can  be  demonstrated  with  ease  in  the  second  half  of  "'t''^-"';  " 
when  the  process  is  very  energetic.  From  the  fifth  month  onwards,    pecu  , 
the  casting  off  of  the  outermost  epidermic  cells  contmues  m  an  incicasmg 
degree    and  as  they  become  in  most  places  intermingled  with  he  sebaceon 
mftter  of  the  skin,  which  begins  to  be  excreted  at  this  P«™f' 
so-called  smcmna  eminjamm,  or  vcrmx  caseom.   Thisis  a  whit.sh  or  yellowish, 
nodlus,  grLy  subslnce,  which,  especially  from  the  s.xth  mon  h  onw  rd 
covers  the  entire  surface  of  the  fcetus  with  a  <'»"^« '^^'^''^'y  *  °J 
-  stratified  coating.    It  is  found  in  large  quantities  on  the  S;-';^^^^^^^^ 
side  of  the  joints  (a.illa,  knee,  inguinal  region),  the  sole  of  the  °°  •  ^'"^ 
of  the  hand  the  back,  ear,  and  head.    Microscopically  examined,  it  is  seen  to 
consist  principally  of  epidermis-cells,  with  cells  from  the  sebaceous  follicles 
and  globules  of  fat.   Two  or  three  days  after  birth,  the  smegma  is  thrown  of^ 
and  the  permanent  epidermis  makes  its  appearance,  the  further  change  of 
whlcharebutlittle  known.   In  the  child  of  four  months  of  age,  theepid  r  is 
is  disproportionally  thick,  which  especially  depends  upon  the  mucous  lajer, 
^Msithe  horny  layer  is  only  slightly  developed.    The  pigment  of  the-ucous 
layer,  as  well  in  the  coloured  races  as  in  Europeans,  is  developed  attei  but 
but  in  the  former  (the  negro)  the  margins  of  the  nails,  the  areola  of  the 
nipple,  and  the  genital  orgtns  become  coloured  about  the  third  day,  and  on 
the  fifth  and  sixth  day  the  colour  is  diffused  over  the  whole  body 

iTZninin,  the  skin,  perpendicular  and  horizontal  sections  ot^^ 
or  boiled  preparations,  moistened  with  an  inactive  flmd,  or  with  va.iois 
agen  as  a'cetl  acid  ai^d  alkalies,  are  of  service  The  most  important  effec  s 
of  the  e  re-agents  have  been  already  mentioned  m  then-  proper  place^  T  e 
epidermis  can  be  separated  from  the  corium,  easily  and  in  large  patches,  by 
m'^ei™ion  or  boiling  ;  and,  when  it  is  not  thick  (on  the  genitals,  &>■-*--) 
lo  by  acetic  acid  and  soda,  so  that  its  lower  surface  and  the  papilte  of  he 
corium  are  exhibited  most  beautifully,  and  the  latter  can  be  investigated 
isolated  or  in  groups.  In  the  fresh  skin,  their  position  and  number  can  be 
I  ck  y  and  Easily  ascertained  in  horizontal  sections,  carried  through  the 
pa^lte  and  the  deep  layers  of  the  epidermis.   The  may  be  studied  n 

üfin  parts  of  the  skin  (genitals  and  lips)  in  the  fresh  condition,  or  m  injected 
preparations.  The  nerves  may  be  examined  in  perpendicular  sections,  in 
Llated  papilte,  or  in  thin  parts  of  the  skin  (prseputium,  glans,  eye-hds  or 
cotun  tfva  bulii),  after  addUion  of  acetic  acid  and  diluted  soda  or  according 
io  ZrUr's  and  Kranse's  method.  Gerier  boils  the  skin  unfal  it  becomes 
transparent,  lays  it  for  a  few  hours  in  oil  of  turpentine  until  the  nerves  are 
wMte  and  hining,  and  then  examines  them  in  fine  perpendicular  lame 
made  with  the  double  knife.  According  to  Kransc,  the  nerves  may  be  seen 
very  well  by  treating  the  skin  with  nitric  acid,  when  the  proper  degree  of 
action  is  hit  upon.  The  elastic  tissue  is  shown  very  beautifully  by  acetic 
acid  soda,  and  potaas.  The  smooth  mmeles  can  be  with  facility  isolated  in  he 
tuniea  (Urtos,  with  more  difftculty  in  the  skin  of  the  penis  and  areola  of  the 
n  ppTe  where  the  observer  must  be  familiar  with  them,  in  order  in  all  cases 
to  discern  them  with  the  unaided  eye.  On  the  hair-follicles  they  are  to  be 
seen  under  the  microscope,  when  a  folhcle,  with  the  sebaceous  glands  belonging 
to  it  is  isolated,  particularly  after  the  employment  of  acetic  acid,  in  the  tonn 
of  small  bundles  by  the  side  and  in  front  of  the  sebaceous  glands,  but  best 
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of  all  and  most  easily  in  perpendicular  sections  of  boiled  skin  (Henle, 
Eylandt,  Lister).  The  investigation  of  the  Jat-cclls  is  especially  instructive 
in  the  bodies  of  lean  individuals,  in  which  their  membranes  and  nuclei  are 
easily  seen  ;  in  other  cases,  their  membranes  can  be  easily  demonstrated  by 
removal  of  the  fat  with  ether,  but  the  nuclei  are  with  difficulty  brought  into 
view  by  this  agent ;  they  are,  however,  discovered  occasionally  here  and  there, 
even  in  full  cells.  The  epidermis,  and  especially  its  mucous  layer,  must  be 
examined  fresh,  and  with  acetic  acid  and  diluted  caustic  soda,  in  fine  perpen- 
dicular sections  ;  the  horny  layer,  above  all,  by  the  addition  of  alkalies,  in 
perpendicular  and  horizontal  sections  ;  but  its  elements  also  separate  from 
one  another  after  maceration,  and,  for  the  practised  observer,  are  cognisable 
even  in  fresh  preparations,  both  when  seen  from  the  side  and  from  the 
surface. 

Literature  of  the  Skin.— Gjjrlt,  in  Müll.  Arch.,  1835,  p.  399.  Simon,  Ueher 
die  Structur  der  Warzen  und  über  PigmentUldung  in  der  Haut,  in  Müll. 
Arch.,  1840,  p.  167.  Krause,  Article  Haut,  in  Wagner's  Handw.  der  Physiol, 
ii.  1844.  p.  127.  KöLLiKER,  Zur  EntwicTielungsfjescliichte  der  missern  Haut,  in 
Zeitschrift  für  Wiss.  Zool,  Bd.  ii.  p.  67  ;  Histologische  Bemerktmgeti,  ibid, 
Bd.  ii.  p.  1 1 8.  Eylandt,  De  Musculis  Organicis  in  Cute  Humana  Ohviis,  Dorp. 
Liv.,  1 8  50.  J.  Lister,  Ods.  on  the  Iluscular  Tissue  of  the  Sinn,  in  Quart. 
Journal  of  Micr.  Science,  1853.  On  the  tactile  bodies,  see  K.Wagner,  in 
Müll.  Arch.,  1852,  p.  493  ;  Kolliker,  in  Zeitschr.  f.  Wiss.  Zool.,  iv.  p.  i  ;  Q. 
Meissner,  Beitirige  zur  Anatomie  und  Phys.  der  Haut,  Leipzig,  1853  ;  Dalzell, 
in  Monthly  Journal.  Drawings  are  given  by  Berres,  tab.  vi.,  vii.,  xxiv.  ; 
Arnold,  Leon.  Org.  Sens.,  tab.  xi.  ;  Todd  and  Bowman,  Physiol.  Anatomy ; 
Hassall,  tab.  xxiv.,  xxvi. ;  Kolliker,  3Iihr.  Anat.,  tab.  i. ;  and  Ecker,  Leon. 
Phys.,  tab.  xvii. 

II. — Of  the  Nails. 

§  50.  The  nails,  ungues,  are  nothing  but  peculiarly  metamor- 
phosed parts  of  the  epidermis,  and,  like  the  latter,  may  be  divided 
into  two  layers,  viz.,  a  soft  mucous  layer,  and  a  horny  layer,  or  the 
nail  proper. 

The  part  of  the  corium  npon  which  the  nail  is  situated,  the  bed 
or  matrix  of  the  nail,  corresponds  exactly  in  form  with  it,  is 
elongated,  quadrangular,  arched  in  the  centre,  and  sloped  an- 
teriorly and  posteriorly,  but  especially  on  the  sides.  Its  aaterior 
and  middle  portions  are  exposed,  when  the  nail  with  the  epidermis 
is  removed  by  maceration,  its  lateral  borders  and  posterior  part, 
on  the  other  hand,  are  concealed  by  a  process  of  the  cutis,  the 
loall  of  the  nail,  which  is,  anteriorly,  low  and  rounded  oif  ;  pos- 
teriorly, weU  defined  and  longer;  and,  in  conjunction  with  the  bed 
of  the  nail,  forms  a  fold,  the  fold  of  the  7iail,  which  embraces  the 
lateral  borders  and  the  posterior  part  (from  2"  to  3'''  in  extent)  of 
its  root. 
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The  bed  of  the  nail  presents  upon  its  surface  peculiar  vkhjes, 

Fig.  41. 


Transverse  section  througir  the  hod^  ^Su^'of  the  JlS^s  ^J^e  tfi/S  the  ^uiii 

of  the  nail,  with  its  nclges  (black  ;  b  ~"J\i\\\''-/,',V.'^'f  the  nail,  with  its  ridges  (white) ; 
f£^;^S^?S\t^ranÄ^^^  -il,or  proper  naU  substance. 

Avith  shallow  notches  upon  its  under  surface. 

similar  to  those  on  the  palm  of  the  hand.    They  begin  at  the 
bottom  of  the  fold  of  the  nail,  at  the  posterior  edge  of  its  bed, 
and  run  forwards  partly  straight,  partly  in  gentle  curves,  pro- 
ceeding from  the  middle  almost  as  from  a  pole.    At  a  distance  ot 
2I'"  to  3i"'  from  their  origin,  they  are  converted  into  true 
laminw,  of  0-024'"  to  o-i'"  in  depth,  which  run  straight  for- 
ward, almost  to  the  anterior  border  of  the  bed  of  the  nail,  and 
then  terminate,  as  if  truncated.    The  boundary  between  the  ridges 
and  laminae  has  the  form  of  a  curved  line,  with  the  convexity 
directed  forwards,  and  divides  the  bed  of  the  nail  into  two  seg- 
ments, which  differ  both  in  colour  and  size.    The  posterior  smaller 
section  is,  in  its  greater  part,  covered  by  the  wall  of  the  nail, 
is  paler  in  colour,  and  supports  the  root  of  the  nail,  while  the  an- 
terior  larger  portion  is  coloured  red,  and  covered  by  its  body,  ihe 
ridges  and  lamina;  of  the  bed  of  the  nail,  the  number  of  which 
varies  between  50  and  90,  are  often  beset  at  their  edges  with  pa- 
pilte  of  o-oo8"'  to  o-i6"'.    The  wall  of  the  nail  has  no  ridges  upon 
its  inferior  surface,  and  but  seldom,  here  and  there,  a  papilla. 
The  papilla;  begin  again  at  its  margin,  where  they  are  tolerably 
long,  and  pass  thence  to  its  upper  surface,  which  differs  in  nothing 
from  the  rest  of  the  cutis  on  the  back  of  the  fingers  and  toes. 

The  corium  of  the  wall  and  of  the  bed  of  the  nail  is  dense,  and 
contains  in  its  deeper  portions  very  little  fat,  while  the  ridges  and 
laminre,  with  their  papillae,  are  rich  in  fine  elastic  fibres  The 
vessels  are  especially  numerous  in  the  anterior  segment  of  the  bed 
of  the  nail;  posteriorly,  in  the  part  lying  under  the  root  of  the 
nail,  and  in  the  wall,  they  are  more  sparingly  distributed ;  their 
capillaries  (0-005'"  to  0-008"')  are  met  with  at  the  edges  of  the 
lamina;  They  also  pass  into  the  papilla;  at  the  places  where  these 
are  more  developed,  and  form  single  loops.  The  nerves  in  the 
deeper  portions  are  arranged  in  the  same  manner  as  those  in  the 
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skin^  but  their  terminations  are  unknown ;  at  least,  have  never 
found  nerves  in  the  laminae. 

In  the  nail  itself,  the  root,  the  body,  and  the  free  border  may  be 
distinguished.  The  soft  root  corresponds  in  its  extent  to  the 
posterior  ridged  part  of  the  bed  of  the  nail_,  and  is  either  entirely 
concealed  in  the  fold^  or  a  small  semi-lunar  part  of  it,  the  lumda, 
is  exposed.  The  ])osterior  border  is  sharp,  slightly  bent  upwards, 
and  is  the  thinnest  and  most  flexible  portion  of  the  nail.  The 
hard  body,  which  increases  in  thickness  and  breadth  from  behind 
forwards,  lies,  for  the  most  part,  with  its  superior  surface  exposed ; 
its  somewhat  sharp  and  thin  lateral  edges  are  concealed  in  the 
lateral  portions  of  the  fold,  and  its  inferior  surface  is  situated 
upon  the  anterior  segment  of  the  bed  of  the  nail ;  lastly,  the  free 
border  is,  in  cut  nails,  directed  straight  forwards. 

Fig.  42. 


Longitudinal  section  through  the  middle  of  the  nail  and  its  bed  ;  magnified  8  times,  a.  Bc<l 
of  the  nail,  and  cutis  of  the  back  and  point  of  the  finger  ;  b  mucous  layer  of  the  point  of  tlie 
finger ;  d  of  the  nail ;  d.  of  the  bottom  of  the  fold  ot  the  nail ;  €.  of  the  bade  of  the  tinker  ; 
/.  horny  layer  of  the  point  of  the  finger ;  g  beginning  of  it  under  the  edge  of  the  nail ;  h. 
horny  layer  of  the  back  of  the  finger;  i.  termination  of  it  upon  the  root  of  the  nail ;  /c.  body  ; 
I.  root;  m.  free  edge  of  the  proper  substance  of  the  nail. 

The  inferior  surface  of  the  body  and  of  the  root  of  the  nail 
corresponds  in  form  exactly  to  the  bed,  and,  accordingly,  presents 
laminse  and  ridges  with  intermediate  furrows ;  and  as  the  elevations 
and  depressions  mutually  lock  into  each  other,  the  nail  is  main- 
tained in  close  connection  with  the  ci/tis,  and  all  the  more  inti- 
mately, from  the  circumstance  that  the  wall  of  the  nail  lies  with 
its  under  surface  upon  the  lateral  borders  and  the  root.  The  colour 
of  the  nail  is,  at  its  free  border,  whitish  and  transparent ;  in  the 
body,  reddish ;  in  the  lunula,  whitish.  When  separated  from  tlie 
epidermis  and  cutis,  the  nail  is  rather  uniformly  white  and  trans- 
parent, but  likewise  somewhat  whiter  at  the  root  than  in  the  bodv. 

§  51.  Structure  of  the  Nail. — The  nail  is  composed,  in  its  deeper 
portions,  of  a  soft  white  mucous  layer,  which  is  more  sharplv  de- 
fined from  the  hard  external  horny  layer,  or  proper  nail,  than  are 
the  corresponding  layers  in  the  ordinary  epidermis.    The  mucous 
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layer  lines  the  eutire  muler  surface  of  the  body  and  root  of  the  nail, 
often,  also  covers  a  small  portion  of  the  upper  surface  0  *1'^  ™;;' 
'  Fig. 43.  and  alone  forms  the  above- 

mentioned  larainie  on  the 
lower  surfaee  of  the  nail. 
Its  thickness  varies  from 
0-032'"  to  0-26'". 

The  mucous  layer  of  the 
nail  consists,  like  that  of 
the  epidermis,  entirely  of 
nucleated  cells,  and  agrees 
with  it  in  all  essential 
points,  except  that  in  the 
deep  portions  it  contains 
several  layers  of  elongated 
(0-004"  to  0-007'")  perpen- 
dicular cells,  which  give  rise 
to  a  striated  appearance.  In 
tlie  negro,  and,  also,  not 

substance  of  the  nail.  P  1 

In  certain  cases,  rounded  groups  of  the  cells  of  he  mucous  ayer 
„„der  the  nail  are  converted  into  horny  plates  M™mon)  wlneh 
even  may  lie  entirely  in  the  substance  of  the  cutis  (  Vr.chowh 
thirCs  led  to  the  assumption  of  special  follicles  under  the  bed  of 

T^fhSy  Sr,  or  the  proper  nail  substance,  is  the  hard  and 
dry  part  of  the  nail  .vhich  for.ns  its  free  border  and  uppe 
portion     The  under  surface  posteriorly  at  the  root  rs  even ;  more 
TteiL-ly,  it  presents  sharp  ridges  -P-ted  by  broa  .ro^^^^^^^^^ 
which  fit  into  the  furrows  of  the  mucous  layer  of  the  n-^'l-  ^hese 
ridges  of  the  proper  nail  substance  appear  rn  cross  sections,  as 
nointed  processes,  of  0  0."'  to  o-02"  in  length,  whrch  m  general, 
are  most  s,ror>gi;  marked  at  the  borders  of  the  naü  (0-04  to 
:"6-)  Id  correspond  exactly  in  number  to  the  lamma>  on  the 
Wer  surface  of  the  mucous  layer.    The  upper  surface  of  the 
sul  anee  of  the  nail  is,  upon  the  whole,  smooth,  yet  there  are 
o  en  found,  even  here,  parallel,  longitudinal  streaks  or  stnpes,  as 
tie  laJ  and  nearly  effaced  indications  of  the  ,nequalu,es  of  .ts 

bed. 
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The  thickness  of  this  part  of  the  nail  continually  increases  from 
the  root  to  near  the  free  border,  so  that  the  body  is,  anteriorly,  at 
least  three  times  thicker  (from  0-3'"  to  0'4'")  than  the  root;  and 
is,  at  the  free  border,  again  somewhat  less.  Also  in  its  transverse 
diameter,  the  substance  of  the  nail  is  not  equally  thick  throughout, 
except  at  the  posterior  border  of  the  root,  but  becomes  considerably 
attenuated  at  the  lateral  margins,  so  that  the  part  of  the  nail  which 
lies  in  the  fold  measures  no  more  than  o'o6'"  to  o'i2",  and  ends 
with  a  sharp  edge. 

The  structure  of  the  proper  nail-substance  is  not  easily  per- 
ceived, without  the  employment  of  re-agents.  In  perpendicular 
sections  there  are  seen,  particularly  on  the  body,  nothing  but 
horizontal,  fine,  straight,  or  curved  lines,  lying  close  upon  one 
another,  which  might  be  taken  for  the  optical  expression  of  delicate 
lamellse;  and  between  these  a  number  of  elongated,  horizontal 
streaks,  of  a  dark  or  peculiar  reddish  aspect,  which  are  evidently 
nuclei.  At  the  most  posterior  portion  of  the  root,  and  on  the 
lower  surface,  where  it  adjoins  the  mucous  layer  —  and  there  onh^ 
—  more  or  less  flattened  cells,  furnished  with  nuclei  and  arranged 
in  layers,  make  their  appearance.  Horizontal  sections  show  only 
a  pale  transparent,  here  and  there  granular,  substance,  for  the 
most  part  without  indication  of  any  kind  of  structure,  at  some 
parts  with  very  indistinct  con-  Fig.  44. 

tours  of  plates,  resembling  those 
of  the  horny  layer  of  the  epi- 
dermis. Very  different  ap- 
pearances, however,  are  ex- 
hibited  after  treatment  with 
alkalies  and  mineral  acids. 
By  boiling  the  nail  for  a 
short  time  in  dilute  caustic 
soda,  or  moistening  a  fine  sec- 
tion with  this  re-agent,  all  the 
plates  are  converted  into  nu- 
cleated  cells,   of  which  the 

deeper  are  thicker,  the  super-  Nail-plates,  boiled  with  caustic  soda ;  magnified  350 
fipial  mnrp  flattpriPrl  "Frnm  times.  A.  From  the  side;  B.  from  the  surface,  a. 
nciai  mui  e  lldlienea.  r  I  Om  ^jembranes  of  the  distended  elements ;  b.  their  nuclei 
these  facts,  together  with  what   f^™  the  surface ;  c.  from  the  side. 

is  discoverable  in  the  unaltered  nail,  it  follows  that  its  horny  layer 
consists  of  closely  connected,  but  not  sharply  defined,  lamella; 
each  lamella  being  made  up  of  one  or  several  layers  of  nucleated, 
polygonal,  fiat  scales  or  plates,  which,  apart  from  the  nuclei, 
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resemble  very  much  those  of  t\ie  horny  layer  of  the  epidermis,  and. 
in  the  most  inferior  layers,  are  thicker  and  smaller  than  m  the 
upper  and  most  superficial.  Those  of  0012"  to  0-0.6  may  be 
considered  as  of  a  medium  size,-sueh  as  are  seen  ou  the  add.t.on 
of  sulphuric  acid,  which  otherwise  has  but  little  action,  and  at  the 
commencement  of  the  action  of  potass  and  soda. 

J  52  With  reo-ard  to  the  relation  of  the  nail  to  the  epidermis,  I 
refer  especially  to  the  perpendicular  and  transverse  sections  given 
in  ties.  40  and  43.    They  show,  in  the  first  place,  that  the  epi- 
dermis lies  upon  the  root,  the  posterior  part  of  the  body,  and 
the  borders  of  the  nail,  and  is  connected  with  it  under  the  free 
border  and  on  the  anterior  portions  of  the  lateral  margins.  That  is 
whilst  the  mucous  layer  of  the  epidermis  passes  continuously,  and 
without  any  boundary  line,  into  that  of  the  nail,  the  horny  layer  is 
never  properly  continued  immediately  into  the  true  substance  of  the 
nail  but  partly  lies  with  its  lamellae  parallel  to  it,  partly  meets  it 
at  various  oblique  angles.    At  the  root,  the  horny  layer  of  the  epi- 
dermis extends  more  or  less  deeply  into  the  fold  of  the  nail,  and 
may  here  reach  back  to  the  posterior  border  of  the  root ;  it  advances, 
also,  as  a  thin  layer  towards  the  termination  of  the  lunula,  or  the 
commencement  of  the  body,  where  it  becomes  very  fine.    In  tins 
situation,  the  cells  are,  anteriorly  and  posteriorly,  placed  parallel  to 
the  surface  of  the  nail ;  but  in  the  middle,  where  the  nail  is  thickest, 
they  are  set  obliquely  or  perpendicularly  upon  it.    The  relation 
is  similar  at  the  free  border  of  the  nail,  where  the  horny  layer 
abuts,  partly  with  more  horizontal,  partly  with  oblique  lame  te, 
upon  the  end  of  the  lower  surface  of  the  body  of  the  nail,  and  is, 
perhaps,  continued  upon  the  commencement  of  its  free  border. 
Lastly,  on  the  lateral  borders,  the  horny  layer  anteriorly  lies  under 
the  nail  in  the  form  of  horizontal  layers,  and,  more  posteriorly, 
presents  the  same  relations  as  at  the  root,  or  is  simply  applied  to 
the  border  of  the  nail.    The  horny  layer  of  the  epidermis  thus 
forms  a  sort  of  sheath  for  the  nail,  which  somewhat  resembles  the 
sheath  of  the  hair,  although  it  is  much  more  incomplete.    It  we 
compare  the  nail  with  the  epidermis,  we  find,  in  the  structure  ot 
its  mucous  laver,  no  peculiarity  of  any  consequence;  but  it  is 
different  with  the  horny  laver,  which  is  distinguished  from  the 
epidermis  by  its  more  consistent,  more  flattened,  and  intimately 
coherent  as  "well  as  nucleated  cells,  which  are  also  chemically  dit- 
ferent.    Nevertheless,  the  agreement  of  the  latter  structure  is  so 
o-reat  that  the  proper  nail  may  be,  as,  indeed,  it  has  long  been, 
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rightly  regarded  as  a  modified  part  of  tlie  epidermic  horny  layer, 
of  the  terminal  segments  of  the  fingers  and  toes. 

§  53-  Growth  of  the  Nails. — So  long  as  they  are  cut,  the  nails 
continue  to  grow ;  but  if  not  pared,  their  growth  is  limited.  In 
this  case,  as  is  observed  in  bed- ridden  patients  and  among  the 
people  of  Eastern  Asia,  the  nails  attain  a  length  of  1 1  to  2  inches 
(among  the  Chinese,  according  to  Hamilton,  2  inches),  and  bend 
round  the  points  of  the  fingers  and  toes. 

During  the  growth  of  the  nail,  its  mucous  layer  does  not  alter 
its  position,  but  its  horny  layer  is  continually  pushed  forwards. 
The  formation  of  its  elements,  by  the  conversion  of  the  cells  of 
the  mucous  layer  of  the  nail  into  a  horny  substance,  takes  place 
in  all  parts  Avhere  it  is  in  connection  with  the  latter;  in  other 
words,  lipo/i  its  whole  lower  surface,  except  the  free  anterior  border; 
further,  in  maiiy  cases,  also,  on  a  very  small  part  of  the  upper 
surface  of  the  root;  lastly,  on  the  posterior  edge  of  the  root. 
The  parts  at  the  root  grow  quickest,  whilst  the  apposition  of 
cells  to  the  body  of  the  nail  is  slower,  which  is  especially  proved 
by  the  circumstance,  that  the  nail  is  not  much  thinner  at  the  limit 
between  the  root  and  the  body  than  anteriorly  on  the  body  itself ; 
and  that,  at  the  root,  the  transition  of  the  cells  of  the  mucous  layer 
into  the  cells  of  the  nail  is  easy,  on  the  body,  on  the  other  hand, 
difficult  of  demonstration.  By  the  continual  addition  of  new  cells 
at  the  margin  as  well  as  on  the  lower  surface  of  the  root,  the  nail 
grows  forwards,  and,  by  the  addition  of  such  cells  to  the  lower  surface 
of  the  body,  it  becomes  thicker.  The  growth  in  the  longitudinal  di- 
rection surpasses  that  in  thickness,  firstly,  because  the  first  round 
cells,  as  they  advance  from  behind  and  below,  forwards  and  up- 
wards, become  more  flattened  and  elongated;  and,  secondly, 
because  the  formation  of  cells  is  much  more  energetic  at  the  root 
than  anteriorly.  The  plates  of  the  nail,  when  once  formed,  become 
continually  flatter  and  harder  as  they  move  forwards  and  upwards ; 
however,  they  never  lose  their  nuclei.  Beyond  these  changes,  the 
elements  of  the  horny  layer  of  the  nail  are  not  further  altered, 
and  present  the  same  anatomical  and  physiological  characters,  in 
general,  as  those  of  the  perfectly  formed  hair  and  of  the  horny 
layer  of  the  epidermis. 

With  reference  to  the  ijatlioloyical  conditions  of  the  nail,  I  may  observe 
that  the  nails  are  easily  regenerated  when  they  fall  off,  in  consequence  of 
bruises,  burning,  freezing,  cutaneous  diseases  {e.g.  scarlet  fever),  inflammations, 
exudations,  suppurations,  and  effusions  of  blood  in  the  bed  of  the  nail  ;  i  t 
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would  appear,  indeed,  as  Fcclilm  relates,  that  such  a  regeneration  can  take 
place  periodically,  inasmuch  as  a  boy  every  autumn  lost  his  nails,  which  hrst 
became  dark  blue,  together  with  the  epidermis  (horny  layer  1),  and  they  were 
subsequently  reproduced.    In  such  a  case,  the  entire  bed  of  the  nail,  according 
to  Lauth  and  Hyrtl,  becomes  covered  with  soft  horny  plates,  which  gradually 
harden,  and  are  transformed  into  a  real  nail,  which  finally  projects  with  its 
free  border  over  the  point  of  the  finger.    After  loss  of  the  distal  phalanx  o 
the  finger,  rudimentary  nails  are,  in  many  cases,  developed  on  the  dorsal 
surface  of  the  second,  and  even  on  that  of  the  proximal  phalanx.    As  the 
formation  of  the  substance  of  the  nail  depends  upon  the  vessels  of  its  bed, 
we  may,  with  Henle,  assume,  that  varying  conditions  of  the  latter  may  otten 
occasion  an  irregular  growth,  in  some  places  thickening,  in  others  thmmng  ot 
the  nail,  and  even  its  entire  detachment ;  and  that  the  deformities  ol  the 
nails  in  cyanosis  and  phthisis  also  depend  upon  this.    Very  frequently,  how- 
ever as  I  have  observed,  the  thickening  and  malformation  proceed  Irom 
partial  impermeabihty  of  the  capillaries  of  the  bed  of  the  nail.  After 
section  of  the  nervns  iscUadicns  in  rabbits,  Steinriick  observed  a  shedding 
of  the  hair  and  nails,  which  is  to  be  ascribed  to  the  influence  of  the  nerves 
upon  the  vessels.    Lastly,  the  shape  of  the  bed  of  the  nail  also  influences  its 
formation.    It  is  thus  explained  how,  after  inflammation  and  closure  ot  the 
fold  of  the  nail,  the  formation  of  new  nail  at  the  posterior  border  ceases  so 
that  the  nail  does  not  grow  forwards  any  more,  but  remains  covering  its  bed 
and  closely  applied  to  it  at  its  borders  (see  Henle,  I.  c).    Meissner,  and  espe- 
cially Yircltow,  have  described  many  cases  of  cryptogamic  productions  Uu7uji) 
in  the  nails. 

§  54.  The  development  of  the  nail  begins  in  the  third  month  of 
intra-uterine  life  with  the  formation  of  the  bed  and  the  fold,  which 
are  marked  oflP  from  the  other  parts  by  the  gradual  growth  of  slaii 
into  the  wall  of  the  nail.    The  bed  of  the  nail  is,  at  first,  covered 
by  the  same  cells  which,  in  other  parts,  form  the  epidermis,  except 
that  by  the  third  month  the  cells  of  the  mucous  layer  are  already 
characterised  by  their  elongated  and  polygonal  shape  (length, 
0-004"' ;  breadth,  o-ooi'"  to  o-ooi6'").   In  the  fourth  month,  there 
appears  between  the  mucous  and  horny  layers  of  the  epidermis  on 
the  bed  of  the  nail,— the  latter  of  which  is  formed  by  a  single  stratum 
of  polygonal,  distinctly  nucleated  cells,  —  an  intermediate  layer  of 
pale,  flat,  likewise  polygonal  and  nucleated,  cells,  0-009'"  in  diameter 
which  are  firmly  connected  with  each  other,  and  may  be  considered 
as  the  first  indication  of  the  proper  nail-substance.    At  the  same 
time,  the  stratum  Malpighii  under  these  cells  becomes  thickened, 
so  that  it  is  decidedly  composed  of,  at  least,  two  layers.    The  nail, 
accordingly,  is  at  first  entirely  enclosed  loithin  the  ejndermis,  it  is 
formed  over  the  ivhole  surface  of  the  bed  of  the  nail,  in  the  shape 
of  a  quadrangular  plate,  and  arises  between  the  embryonic  mucous 
layer  and  horny  layer,  undoubtedly  by  a  transformation  of  the 
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cells  of  the  mucous  layer.  During  its  further  development,  the 
nail  is  thickened  by  the  addition  of  new  cells  from  below,  and  is 
enlarged  by  the  extension  of  its  elements  and  addition  of  new  cells 
at  its  margins ;  but  it  remains  concealed  under  the  horny  layer  of 
the  epidermis,  even  to  the  end  of  the  fifth  month,  till  at  last  it 
becomes  free,  and,  in  the  seventh  month,  even  begins  to  grow 
longitudinally,  so  that  at  this  time,  except  in  its  greater  softness 
and  different  dimensions,  it  differs  in  no  essential  point  from  the 
full-grown  nail.  In  the  new-born  child,  the  nail  is,  in  the  body, 
0-3'"  to  0-4'"  thick,  with  a  free  border  projecting  2  lines,  and  con- 
sists of  elongated,  polygonal,  nucleated  plates,  of  0-02'"  to  0-028"'. 

Soon  after  birth,  the  free  border  of  the  nail,  which  evidently  is 
nothing  but  the  nail  of  the  six-Dionths'  foetus  which  has  been  pushed 
forwards,  is  thrown  off  at  least  once,  or,  according  to  Weber,  several 
times.  In  the  sixth  and  seventh  months  after  birth,  the  nails 
with  which  the  child  is  born,  are,  as  I  find,  wholly  replaced  by 
new  ones ;  and,  in  the  second  and  third  year,  the  plates  of  the  nails 
differ  in  nothing  from  those  of  the  adult,  whence  it  results,  that 
the  nail  is  enlarged  and  thickened,  less  from  enlargement  of  its 
elements,  than  by  the  addition  of  new  ones  at  its  borders  and  from 
beloAV. 

In  the  examination  of  the  cells  and  plates  of  the  nail,  fine  sections  of  fresh 
nails  are  particularly  serviceable,  either  simply  or  with  the  addition  of  re- 
agents, and,  above  all,  of  soda  and  sulphuric  acid,  which  cause  the  plates  of 
the  nail  to  swell  up.  In  order  to  make  out  the  relations  of  the  individual 
parts  of  the  nail  to  each  other  and  to  the  epidermis,  the  nail  and  cutis  must 
be  separated  by  maceration  or  boihng  in  water.  The  nail  is  thus  detached, 
along  with  the  epidermis,  from  the  finger,  and  the  mode  of  its  connection  can 
be  recognised  in  transverse  and  longitudinal  sections.  Also  the  bed  of  the 
nail,  with  its  laminee  and  ridges,  the  fold  of  the  nail  and  the  laminte  of  the 
mucous  layer  of  the  nail,  come  easily  into  view  in  this  way. 

As  fine  sections  in  such  nails  are,  in  the  most  important  places,  the  root  and 
margin,  not  easily  made,  it  is  also  necessary  to  use  recent  specimens,  also 
nails  which  have  been  detached  with  the  cutis  from  the  bone  and  dried,  which 
then  furnish  all  information  that  could  be  desired,  inasmuch  as  segments  of 
such  nails  easily  swell  up  in  water,  and  by  the  action  of  acetic  acid  or  soda, 
so  that  the  structure  of  their  various  layers  becomes  very  distinct. 

Literature. — A.  Lauth,  Stir  la  Disposition  des  On.gles  et  des  Foils,  Mem.  de 
la  Soc.  d'Hist.  Nat.  de  StrassUurg,  1830,  4..  Reichert,  in  Müll.  Arch.,  1841, 
185 1,  und  1^ s^,  Jahresbericht.  Rainey,  On  the  Structure  and  Formation  of 
the  Nails  of  the  Fingers  and  Toes,  in  Transact,  of  the  Microsc.  Society,  March, 
1849.    ViRCHOW,  in  Verhandlungen  der  Würzhurg.  Gesellsch. 
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III. — Of  the  Hairs. 

§  55.  In  every  hair  we  distinguish  the  free  portion,  shaft  [scapus), 
rig  4.:^  with  its  attenuated  point,  from  the  part 

enclosed  within  the  follicle,  the  root 
{radix).  The  former  is,  in  general, 
straight  and  cylindrical  in  straight 
hair;  in  curling  hair,  flexuous,  and 
somewhat  flattened;  in  frizzly  and 
woolly  hair,  it  is  spirally  twisted,  and 
quite  flat  or  slightly  ribbed.  The  root 
is  always  straight,  nearly  cylindrical, 
and,  at  least  in  its  lower  part,  softer 
and  thicker  than  the  shaft ;  in  vigorous 
hairs  it  terminates  in  a  still  softer 
knob-shaped  swelling,  from  to  3 
times  thicker  than  the  shaft — the  AazV- 
hulh  [hulhus  pili), — which  is  placed  like 
a  cap  upon  a  papilliform  process  of  the 
follicle,  the  hair-papilla,  or,  in  other 
terms,  receives  the  latter  into  an  ex- 
cavation in  its  base. 

§  56.  Distribution  and  Size  of  the 
Hairs. —  With  regard  to  size,  three  va- 
rieties may  be  recognised  :  i.  long  soft 
hairs,  from  i  to  3  feet  and  more  in 
length,  and  o"02'"  to  0*05'"  in  thick- 


ness :  2.  short,  stiff",  thick  hairs,  of  I  to 
nch  long,  and  0"03'"  to  O'of" 
3.  short,  extremely  fine  hairs, 


2 

thicl 


Hair  and  hair-fi)]lic!e,of  middling  size  ; 
magnified  60  times,  a.  Sliaft ;  b.  root; 
c.  bulb;  d  epidennis  of  tlie  hair;  e. 
inner  root-sheath;  /.  outer  root  sheath  ; 
g.  structureless  membrane  of  the  hair- 
follicle :  h.  transverse  and  longitudinal  -,  i  •  /T  \  ^-P  4-^  A'"  l^v^^ 
fibrous  layer  of  the  same;  i  papilla  of   doWUy  liair  {Lanugo),  01  I      tO  O  lOUg, 

the  hair-follicle;  k.  excretory  ducts  of         -,  ^C'"  i.^   ^  4-1,^^1-       T-'Un  rlic. 

two  sebaceous  glands;  I.  cutis;  m.  mu     aud  O'OOD      tO  O'Ql       tlUCk.      ihC  CllS- 
cous;  and  n.  horny  layer  of  the  epidermis, 
the  latter  enterini;  a  certain  way  into  the 
follicle  ;  o.  end  of  the  inner  root-sheath. 


and  o'oo6"'  to  o"oi' 
tribution  of  the  first  form  is  well 
known ;  to  the  second  form  belong  the 
hairs  at  the  entrance  of  the  nostrils  {yibrissce) ,  and  in  the  external 
auditory  meatus,  the  eyelashes  {cilia)  and  those  of  the  eyebrows ; 
to  the  third  are  to  be  reckoned  the  fine  hairs  on  the  face,  on  the 
trunk  and  extremities,  also  those  on  the  caruncula  lacrimalis 
and  labia  minora,  which  latter  are  often  wanting. 

The  hairs  are  disposed  either  singly,  or  in  twos  or  threes; 
sometimes,  even,  in  fours  and  fives.    The  latter  is  generally  their 
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arraDgement  in  the  foetus,  but  also  occurs  in  the  adult,,  especially 
in  downy  hairs.  As  Osiander,  and  particularly  Eschricht,  have 
proved,  the  direction  of  the  hairs  and  hair-follicles  is  seldom 
straight,  but  usually  oblique ;  and  is  different  in  the  various  parts 
of  the  body,  which  is  easily  shown  in  the  hairs  of  the  embryo,  as 
also  in  adults,  although  less  distinctly.  The  regularity  depends 
upon  this,  that  the  hairs  being  arranged  in  curved  lines,  which 
either  converge  towards  fixed  points  or  lines,  or  diverge  from  them 
in  two  or  several  directions^  a  great  number  of  figures  arise,  which 
may,  with  Eschricht^  be  designated  streams,  whorls,  and  crosses. 
Streams,  with  converging  hairs,  are  met  with  in  the  mesial  line  of 
the  back,  the  chest,  and  the  abdomen,  and  in  the  line  over  the  ridge 
of  the  shin-bone;  streams  with  diverging  hairs  are  found  in  the 
lateral  line^  separating  the  abdomen  and  thorax  from  the  back,  etc. 
Whorls  and  crosses  with  diverging  hairs  occur  in  the  armpit,  on 
the  crown  of  the  head,  the  internal  angles  of  the  eyes,  and  with 
converging  hairs  on  the  elbow.  For  more  special  details,  I  refer 
to  EschriMs  drawings  and  descriptions. 

§  57.  Physical  Properties  and  Chemical  Composition  of  the 
Hairs. — The  hairs  are  very  elastic ;  they  admit  of  being  extended 
nearly  a  third  of  their  length,  and  when  stretched  only  a  fifth, 
they  contract  again  so  completely,  that  they  remain  extended  only 
ji^th  beyond  their  original  length.  They  easily  absorb  water,  and 
as  easily  give  it  off  again ;  they  are,  accordingly,  sometimes  dry 
and  brittle,  sometimes  moist  and  soft,  according  as  the  skin  or  the 
atmosphere  contains  much  or  little  water.  Their  length  alters 
with  their  degree  of  moisture,  upon  which  property  their  employ- 
ment as  hygrometers  is  founded.  Their  strength,  notwithstanding 
their  extensibility,  is  considerable,  and  hairs  of  the  head  support 
at  least  six  ounces  without  breaking. 

The  chemical  composition  of  the  hairs  has  not  yet  been  sufficiently 
elucidated.  Their  chief  constituent  is  a  nitrogenous  substance 
containing  sulphur,  which  is  soluble  in  alkalies  with  the  develop- 
ment of  ammonia,  but  insoluble  in  boiling  concentrated  acetic 
acid,  and  belongs  to  the  albuminous  class  of  compounds.  The 
hairs  contain,  according  to  their  tint,  a  greater  or  less  amount  of 
darker  or  lighter  coloured  fat,  which  can  be  extracted  by  boiliug 
in  ether  or  alcohol.  According  to  Mulder,  they  are  distinguished 
from  horn  and  epidermis,  especially  by  their  insolubility  in  acetic 
acid,  and  by  the  same  character,  also,  from  albumen  and  fibrine. 
The  hairs  resist  decomposition  better  than  any  other  part  of  the 
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body,  so  that  even  mummy  liairs  are  found  quite  unaltered.  By 
metallic  oxides,  the  hairs  are  coloured  exactly  like  the  epidermis ; 
thus  they  are  rendered  black  by  the  salts  of  süver  and  man- 
ganese, while  sulphurets  of  these  metals  are  formed;  chlorine, 
on  the  other  hand,  bleaches  them.  The  ash  amounts,  on  an 
average,  from  i  to  2  per  cent.,  and  contains  oxide  of  iron  (more 
in  dark  hair),  oxide  of  manganese  and  silica  (traces) ;  in  white 
hairs,  phosphate  of  magnesia  and  sulphate  of  alumina  {Jahn). 

§  58.  With  reference  to  their  finer  structure,  two  substances 
may,  without  exception,  be  distinguished  in  all  hairs,  and  in  many 
even  three:  i.  the  cortical  suhstance  (more  properly, /ftrows  suh- 
stance),  which  forms  by  far  the  most  important  part  of  the  hair, 
and  gives  it  its  shape ;  2.  the  cuticle,  a  delicate  external  covering 
on  the  fibrous  substance ;  3.  the  pith,  or  medullary  substance,  which 
is  situated  in  the  centre,  and  is  often  wanting. 

The  cortical,  or  fibrous  substance,  is  longitudinally  striped,  very 
often  darkly  punctuated,  and  streaked  or  speckled;  and  always 
more  or  less  intensely  coloured,  except  in  white  hairs,  in  which  it 
is   transparent.     The    colour   is   sometimes  distributed  pretty 
uniformly  through  the  whole  substance,  sometimes  more  concen- 
trated in  the  form  of  elongated,  granular  spots.    The  more  minute 
structure  of  the  fibrous  substance  of  the  hair,  as  well  as  the  nature 
of  its  spots  and  stri^,  can  only  be  sufficiently  elucidated  by  the 
employment  of  acids  and  alkalies,  usually  much  resorted  to  in  the 
investigation  of  the  hair,  and  by  other  modes  of  procedure.    If  a 
hair  be  treated  with  hot  concentrated  sulphuric  acid,  its  fibrous 
substance  may  be  separated,  much  more  easily  than  before,  into 
flat,  long  fibres  of  variable  breadth  (generally  0-002"'  to  O'oos'"), 
which  are  distinguished  especially  by  their  stiffness  and  brittleness, 
and  their  irregular,  even  jagged,  borders  and  extremities.    In  light 
hairs  these  fibres  have  a  bright,  in  dark  hairs  a  dark  colour.  These 
so-caUed  hair-fibres  are,  however,  not  the  ultimate  elements  of  the 
cortical  substance,  but  each  of  them  must  be  regarded  as  an  aggre- 
gation of  long,  flat,  nucleated  fibre-cells  or  plates,  which,  after 
thorough  treatment  with  sulphuric  acid,  can  be  obtained  isolated 
along  with  the  fibres.    These,  which  may  be  best  designated  plates 
of  the  fibrous  substance,  or  fibre-cells  of  the  cortex,  are  flat  and,  in 
general,  spindle-shaped,  0-024'"  to  0-033'"  ^^ng,  0-002'"  to  0*004'", 
even  0-005"'  broad,  0-0012'"  to  o" 00 ib'"  thick,  with  uneven  sur- 
faces and  irregular  borders.    They  do  not  swell  up  into  vesicles  in 
caustic  alkalies,  and  often  present  in  their  interior  a  darker  streak 
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of  which  we  shall  presently  speak.  Under  certain  circumstances, 
they  also  possess  granular  pigment;   in    other    respects,  they 

Fig.  46. 


Plates  or  fibre-cells  of  the  cortical  substance  of  a  hair,  treated  with  acetic  acid;  magnified 
350  times.  A.  Isolated  plates  :  1.  from  the  surface  (three  single,  two  united);  2.  from  the 
side.   B.  A  bundle  composed  of  many  such  fibre-cells. 


are  homogeneous,  and  no  finer  elements,  such  as  fibrillse,  can  be 
observed.  They  appear  to  be  more  intimately  united  with  each 
other  in  the  longitudinal  direction  than  in  the  transverse,  whence 
the  easy  splitting  of  the  cortical  substance  into  the  above-men- 
tioned long  fibres.  These  fibres — which  cannot  well  be  designated 
as  compound  constituents  of  the  cortical  substance,  inasmuch  as 
their  elements  can  be  isolated,  and  they  themselves  are  much 
too  iri^egular  —  form  a  compact  bundle,  mthout  e^ddent  lamellae 
as  in  the  nail  and  epidermis;  and  in  this  way  produce  the 
cortical  substance,  the  principal  constituent  of  the  hair.  The 
dark  spots,  dots,  and  strics  of  the  cortex  are  of  difi'erent  kinds,  and 
are  chiefly,  i.  granular  pigment ;  2.  spaces  filled  with  air  or  liquid; 
and  3.  nuclei.  These  spots,  as  is  shown  by  caustic  potass  and  soda, 
which  soften  and  swell  the  cortical  substance  without  acting  upon 
the  spots,  are,  for  the  most  part,  nothing  but  aggregations  of  pig- 
ment granules,  which  are  situated  in  the  plates  of  the  hair,  and 
vary  very  much  in  their  size  and  form.  A  second  kind  of  dark 
spots  resemble  very  much  depositions  of  pigment,  but  are  found  to 
be  small  cavities  filled  icitli  air.    These  cavities  are  very  numerous 
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in  white  and  fair  liairs,  but  tliey  are  absent  in  quite  dark  hairs, 
and  in  the  lower  half  of  the  roots  of  all  hairs. 

Lastly,  there  occur  in  the  fibrous  substance  other  moderately 
dark  slender  streaks,  or  lines,  which  are,  i.  the  houndarij  lines 
of  the  fibre-cells,  and  2.  their  nuclei.  All  the  plates  of  the 
fibrous  substance  in  the  shaft  of  the  hair  contain  spindle-shaped 
nuclei,  of  O'Oi'"  to  0'\b'"  long,  and  0-0005"'  to  0  00 12'"  broad, 
Avhich  can  be  isolated  by  crushing  white  hairs  which  have  been 
boiled  in  caustic  soda.  Moreover,  fine  streaks  of  another  kind  are 
observed  in  the  fibrous  substance,  and  especially  in  a  ichitish  part 
immediately  above  the  bulb,  which  are  produced  by  inequahties  on 
the  surface  of  the  plates  forming  the  tissue. 

The  above  description  of  the  cortex,  or  fibrous  substance,  is 
especially  applicable  to  the  shaft  of  the  hair.  In  the  root,  also, 
so  far  as  it  is  hard  and  dry,  essentially  the  same  conditions  are 
found;  in  its  lower  half,  where  it  gradually  becomes  softer, 
finely  fibrous,  and  then  granular,  the  structure,  too,  becomes  gra- 
dually altered.  Here  the  above-described  plates  become  softer, 
and  assume  more  and  more  distinctly  the  form  of  elongated  cells, 
of  0-020'''  to  0  024"'  long,  and  0-009'"  o-oii'"  broad,  whose 
cylindrical,  straight,  or  serpentine  nuclei,  of  0  008'"  to  0-0 1'", 
become  very  perceptible  on  the  addition  of  acetic  acid,  and  can  be 
easily  isolated.  While  the  fibrous  character  thus  becomes  more 
and  more  indistinct,  the  soft  and  shortened  plates  pass  into  oblong 
roundish  cells,  with  short  nuclei,  Avliich,  finally,  are  continued 
without  interruption  into  tlie  elements  of  the  lowermost  thickest 
part  of  the  hair,  the  bulb.  These  are  round  cells,  of  0-003"'  to 
o'oo6"',  which  lie  closely  packed  together,  and,  like  the  cells  of  the 
mucous  layer  of  the  epidermis,  sometimes  contain  only  colourless 
granules,  sometimes  are  so  filled  with  dark  pigment-granules,  that 
they  are  changed  into  true  ]3igment-cells.  We  have  still  to  men- 
tion, that  the  chemical  properties  of  the  elements  of  the  fibrous 
substance  are  altered  at  the  lower  half  of  the  root,  inasmuch  as 
they  become  more  easily  affected  by  acetic  acid,  which  does  not  act 
upon  the  plates  of  the  shaft  at  all,  and  also  swell  up  and  dissolve 
in  alkalies  much  quicker  than  in  the  shaft. 

The  colour  of  the  fibrous  or  cortical  substance  depends,  firstly, 
upon  spots  of  pigment;  secondly,  upon  air-cavities;  and  thirdly, 
upon  a  colouring  matter  combined  with  the  substance  of  the 
plates  constituting  the  tissue. 


^  59.  The  medullary  mbstaiice,  substantia  medullaris,  ov  pitli,  is 
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a  stripe  or  cord  extending  in  the  axis  of  the  hair  from  above  the 
bulb  to  near  the  apex.  This  substance  is  generally  wanting  in 
downy  hairs,  frequently  also  in  the  coloured  hairs  of  the  scalp ;  but 
is,  for  the  most  part,  present  in  the  short  and  thick,  as  well  as  in 
the  stouter  long  hairs,  and  in  white  hairs  of  the  head.  By  simply 
boiling  white  hairs  in  caustic  soda  until  they  swell  out  and  coil  up, 
the  cellular  structure  of  the  medulla,  now  rendered  transparent, 
.may  be  often  seen  by  mere  compression  of  the  softened  hairs,  and 
without  further  preparation.  If  such  a  hair  be  carefully  teased 
out,  it  is  very  easy  to  isolate  the  medullary  cells,  either  connected 
in  rows,  or  even  singly.  They  are  rectangular  or  quadrangular, 
seldom  roundish  or  spindle-shaped,  cells,  of  0-007'"  to  0.0 1'"  m 
diameter,  here  and  there  furnished  with  dark,  fatty-looking  gra- 
nules; and,  in  many  cases,  when  the  alkali  has  not  acted  too 
strongly,  with  a  roundish,  distinct  clear  spot,  of  o-ooi6"'  to  0-002'", 
which  evidently  represents  the  rudiment  of  a  nucleus,  and  even 
appears  to  swell  up  some-  Fig  47. 

what  in  soda.  In  the 
fresh  hair,  the  medulla 
of  the  shaft  is  silver- 
white  or  dark,  which  ap- 
pearance, as  many  more 
favourable  objects  show, 
is  produced  by  irregularly 
roundish  air  vesicles, 
which  fill  the  medullary- 
cells  in  large  quantity  — 
black  (opaque),  or  white 

and  shininar,  aCCOrdino-  to   whichVppear  pretty  distinct ;  b.  cortex  with  pigment  spots  ;  c 
P      .  mf    •      inner  layer  ot  the  epidermis;  d.  outer  layer  of  it;  e.  mnei 

the  illumination.  I  heir 
nature   can   be  readily 

perceived,  when  a  white  hair  is  boiled  in  water  or  ether,  or  treated 
with  oil  of  turpentine,  in  both  of  which  cases  the 
medulla  becomes  quite  clear  and  transparent.  If 
such  a  hair,  treated  with  water,  be  dried  between  ^^^5 
the  fingers,  it  regains  quickly,  often  in  a  trice,  and  ^,^^,1^^^,,,^,,^ 
visibly  to  the  naked  eye,  its  former  white  colour;  ^,^^1^;^;.%';.;;: 
and  if  it  is  placed  under  the  microscope  immediately 
after  drying,  without  fluid,  or  with  fluid  only  at  one  >'agn.  350  times, 
end,  nothing  is  easier  than  to  see  the  air  re-entering,  and  the 
medulla  becoming  dark  again.  Not  only  in  white,  but  also  in 
coloured  hairs,  the  medulla  contains  air  when  examined  in  the 
fresh  condition. 


A  portion  of  the  root  of  a  dark  hair,  slightly  acted  upon  by 
caustic  soda.    a.  Medulla,  still  containing  air,  and  with  cells, 

"  '    ■  ts  ;  c. 

layer  ot  the  epidermis ;  a.  outer  layer  oi  ii ;  e.  inner 
layer  of  the  iimer  root-sheath  (.Huxley's  layer) ;  /.  outer  fenes- 
trated layer  {Henle's  layer).    Magnified  250  times. 


Fig.  48. 


no 
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The  diameter  of  the  medulla  is,  in  general,  to  that  of  the  hair 
itself  as  i  to  3 — 5  ;  it  is  relatively  and  absolutely  thickest  in  short 
thick  hairs,  thinnest  in  woolly  hairs  and  those  of  the  head.  In  a 
cross  section  it  has  a  round  or  flattened  figure ;  and  the  cells  which 
compose  it  are  arranged  in  1—5,  or  even  more  longitudinal  rows. 

According  to  Reissner  and  Reichert,  the  medulla  contains  in  its 
interior  a  fine  fibre,  which  is  a  prolongation  of  the  hair-papilla;  a 
statement  which  I  have  not  hitherto  been  able  to  confirm. 

§  60.  The  cuticle  of  the  hair  is  a  very  thin  transparent  mem- 
brane, which  forms  a  complete  covering  for  the  hair,  and  is  very 
firmly  united  with  the  cortical  or  fibrous  substance.  When  viewed 
in  its  normal  position  and  in  an  unaltered  hair,  its  almost  sole 
indications  are  numerous,  dark,  reticulated,  irregular,  and  even 
jagged  lines,  which  are  distant  o'ooi'"  to  o-oo6'"  from  each  other, 
and  extend  round  the  hair,  and  small  projections  giving  a  ser- 
Fig.49.  rate  outline  to  its  appa- 

rent border  (fig.  49,  A.). 
If  a  hair  be  treated  with 
alkalies,  the  cuticle  sepa- 
rates in  larger  or  smaller 
shreds  from  the  fibrous 
substance,and  even  breaks 
up  into  its  elements. 
These  are  quite  flat,  non- 
nucleated  plates,  gene- 
rally transparent  and 
pale  at  the  borders,  and 
of  a  quadrangular  or  rectangular  outline,  which  do  not  swell  up 
into  vesicles  by  means  of  re-agents.  They  are  arranged  like  tiles 
on  a  roof,  the  lower  cells  overlapping  the  upper  ones,  and  form  a 
simple  membrane,  which  entirely  envelopes  the  cortex  or  fibrous 
part  of  the  hair.  In  sulphuric  acid,  also,  the  structure  of  the 
cuticle  can  be  easily  perceived ;  the  hair  becomes  ragged  at  the 
borders,  from  the  projection  of  the  plates,  and  then  the  cuticle  can 
be  easily  scraped  or  rubbed  ofi" ;  but  it  is  reduced  to  its  constituent 
elements,  and  it  is  not  easily  obtained  in  larger  patches. 

The  cuticle  consists  of  a  single  layer  of  plates  or  scales,  which 
on  the  shaft  is  0-002'''  to  0-003'",  the  root  0-0025'"  to  0-0035'" 
thick;  the  plates  measure,  in  the  transverse  direction,  0-024'"  to 
0-28'";  in  the  longitudinal,  o-oi6'"  to  0*02'";  and  are  scarcely 
thicker  than  0-0005'".    At  the  hair- bulb  these  plates  pass  rather 


A.  Surface  of  the  shaft  of  a  white  hair,  magnified  160  times. 
The  curved  lines  designate  the  free  border  of  the  epidermic 
plates.  B.  Epidermic  plates  from  the  surface,  isolated  by  caustic 
soda,  and  magnified  350  times.  Either  one  or  both  of  their 
borders  are  folded,  and  consequently  appear  dark. 
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abruptly  into  nucleated  soft  cells,  which  are  broad  in  the  transverse 
direction  of  the  bulb,  very  short  in  the  direction  of  its  long  axis,  but 
somewhat  longer  in  the  direction  which  is  perpendicular  or  oblique 
to  the  long  axis  of  the  hair.  They  are  easily  acted  upon  by  alkalies 
and  even  by  acetic  acid,  possess,  without  exception,  transverse  and 
tolerably  long  nuclei,  and,  finally,  pass  at  the  end  of  the  bulb  into 
the  already-described  round  cells,  of  which  the  latter  is  formed. 

§  61.  The  hair-follicles  are  flask-shaped  sacs,  i  to  3  lines  long, 
which  rather  closely  invest  the  roots  of  the  hair,  and  in  downy 
hair  are  situated  in  the  substance  of  the  upper  layers  of  the  corium, 
in  strong  or  long  hair,  on  the  other  hand,  penetrate,  for  the  most 
part,  into  its  deeper  parts,  and  even  sink  more  or  less  deeply  into 
the  subcutaneous  cellular  tissue.  They  are  to  be  looked  upon 
simply  as  continuations  of  the  skin  with  its  two  constituent  parts, 
the  corium  and  epidermis;  and,  accordingly,  we  distinguish  in  each 
of  them  an  external,  fibrous,  vascular  portion,  the  proper  hair-sac, 
and  a  non- vascular  lining,  consisting  of  cells  and  surrounding  the 
hair  —  the  root-sheath—  which  is  partly  to  be  regarded  as  the  epi- 
dermis of  the  hair-follicle,  partly  as  a  special  sheath  for  the  root  of 
the  hair. 

§  62.  The  proper  hair- sac,  or  follicle,  consists  of  two  fibrous 
coats,  an  external  and  an  internal,  and  of  a  structureless  mem- 
brane;  it  is,  on  an  average,  0-015'''  to  0-022'"  in  thickness,  and 
possesses  at  its  base  a  peculiar  structure,  the  pajnlla  of  the  hair. 

The  external  fibrous  coat,  the  thickest  of  the  three  layers  of  the 
hair-follicle,  determines  its  external  form,  and  is  very  intimately 
connected  by  its  uppermost  part  with  the  corium.  It  consists  of 
ordinary  connective  tissue  with  longitudinal  fibres,  without  elastic 
fibres, but  with  a  good  many  elongated,  spindle-shaped,  small  cells; 
it  is  supplied  with  a  tolerably  rich  net  of  capillaries  and  a  few 
nerve-fibres,  with  sparing  divisions. 

The  internal  fibrous  coat  is  much  more  delicate  than  the  ex- 
ternal; it  is  bounded  by  smooth  surfaces,  is  everywhere  equally 
thick,  and  extends  from  the  base  of  the  hair-follicle  only  as  far  as 
the  point  of  junction  of  the  sebaceous  glands.  It  is,  to  all  appear- 
ance, destitute  of  vessels  and  nerves,  and  consists  of  a  simple  layer 
of  transverse  fibres  with  long  slender  nuclei,  which  are  particularly 
easy  of  observation  in  the  empty  hair-follicles  of  both  coarse 
and  fine  hairs,  with  or  without  the  employment  of  acetic  acid. 
They  resemble  smooth  muscular  fibres,  but  cannot  be  completely 
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isolated,  so  as  to  be  positively  recognised  as  spindle-shaped  hbres 
with  a  single  nucleus,  so  that  I  cannot,  for  the  present,  express 
myself  decidedly  as  to  their  nature ;  and  the  more  so,  as  we  have 
no  facts  to  show  that  contractions  of  the  hair-follicles  take  place. 

The  third  layer  is  a  hyaline  structureless  membrane,  which, 
when  the  hair  is  pulled  out,  always  remains  behind  in  the  hair- 
follicle,  and,  in  connection  with  and  also  covering  the  papilla 
{Dalzell),  extends  from  its  base  as  far  as  the  internal  root-sheath, 
and  perhaps  higher.  It  appears,  in  the  uninjured  hair-follicle,  only 
as  a  very  pale  streak,  0*00 1"'  to  o-oois'",  seldom  0-002'",  in  thick- 
ness, between  the  external  root-sheath  and  the  transverse  fibrous 
layer  of  the  hair-follicle ;  but,  by  preparation  of  an  empty  hair- 
follicle,  it  may  be  easily  obtained  in  considerable  patches.  It 
then  appears  smooth  externally,  but  internally  presents  very  deli- 
cate, transverse,  often  anastomosing  hues,  which,  like  the  membrane 
itself,  are  not  altered  by  diluted  acids  or  alkalies.  Neither  al- 
kalies nor  acids  cause  cells  or  nuclei  to  appear  in  this  membrane, 
and  it  belongs,  accordingly,  to  the  class  of  the  true  structureless 
membranes. 

The  papilla  of  the  hair,  less  fitly  termed  hair-germ  {pulpa  pili), 
belongs  to  the  follicle,  and  represents  a  papilla  of  the  cutis.  It  is 
a  beautiful  ovate  or  fungiform  papilla,  -i-'"  to  -^V"  broad,  -^^'"^  to 
J-''  long,  and  is  connected  by  a  pedicle  with  the  connective- 
tissue-coat  of  the  follicle;  it  has  a  sharp  outline,  and  a  per- 
fectly smooth  surface  ;  in  its  structure,  it  harmonises  completely 
with  the  papillae  of  the  cutis,  and  consists  of  an  indistinctly 
fibrous  connective  tissue,  with  scattered  nuclei  and  fat-granules, 
but  without  cells.  It  contains,  also,  in  man  and  in  animals, 
vessels ;  but  no  one  has  as  yet  been  able  to  demonstrate  nerves 
in  it. 

§  63.  The  root-sheath  may  be  divided  into  an  external  and  an 
internal  layer,  of  which  the  former  is  continuous  with  the  epi- 
dermis round  the  opening  of  the  hair-follicle,  and  appears  as  the 
epidermic  lining  of  the  follicle ;  while  the  internal  is  an  entirely 
independent  layer,  and  enters  into  direct  relation  Avith  the  hair. 

The  external  root-sheath  is  a  continuation  of  the  mucous  layer 
of  the  epidermis,  invests  the  entire  hair-foUicle,  and  rests  in 
its  lower  half  on  the  above -described  structureless  membrane; 
higher  up,  where  the  latter  and  the  transverse  fibres  are  no  longer 
present,  it  lies  immediately  upon  the  longitudinal  fibrous  layer. 
In  structure,  it  corresponds  entirely  with  the  mucous  layer ;  like 
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the  latter,  also^  the  outermost  cells  are  perpendicularly  placed. 
These  last-mentioned  cells  are^  in  the  negro,  brown  throughout, 
and  in  the  white  races,  at  least  in  the  hairs  of  the  labia  7najora,  are 
brown  in  the  upper  part.  At  the  bottom  of  the  hair-follicle  the 
external  sheath,  while  its  cells  become  gradually  round,  passes 
continuously,  and  without  any  boundary  line,  into  the  round  cells 
of  the  hair-bulb  which  cover  the  papilla.  The  external  root-sheath 
is  generally  about  3  to  5  times  as  thick  as  the  internal ;  but  not 
unfrequently  it  becomes  somewhat  attenuated  superiorly,  and 
below  is  invariably  prolonged  into  a  very  thin  lamella.  In  coarse 
hairs,  it  measures  in  the  middle  of  the  root  0"0i8'''  to  0'03"',  and 
possesses  5  to  12  layers  of  cells. 

The  internal  root-sheath  is  a  transparent  membrane,  which  ex- 
tends almost  from  the  bottom  of  the  hair-follicle  over  nearly  two- 
thirds  of  it,  and  then  ends  abruptly.  It  is  connected  externally 
with  the  outer  sheath,  internally  with  the  cuticle  of  the  hair,  so 
that,  in  the  normal  condition,  no  space  is  found  between  it  and  the 
hair.  It  is  especially  characterised  by  its  great  firmness  and  elas- 
ticity, and  consists,  except  in  its  lowest  part,  of  two  layers,  the 
proper  internal  sheath  and  the  cuticle,  which,  in  order  to  distinguish 
it  from  that  of  the  hair,  must  be  designated  the  cuticle  of  the 
internal  root- sheath. 

The  proper  internal  sheath  presents  two,  or  even  three  layers  of 
polygonal,  elongated^  transparent  and  somewhat  yellowish  cells,  all 
of  which  lie  with  their  longitudinal  axes  parallel  to  that  of  the 
hair.  The  most  external  layer  (fig.  50,  A.),  is  formed  of  elongated, 
non-nucleated  cells,  o°oi6'"  to  0'02"'  in  length_,  and  o'oo^'''  to 
0-006""'  in  breadth,  which  are  intimately  united  in  the  longitudinal 
direction;  and  in  the  usual  method  of  examination,  after  the 
addition  of  acetic  acid,  soda,  or  potass,  which  make  the  hair  swell 
up,  or  after  it  has  been  teased  out,  exhibit  elongated  narrower  and 
wider  fissures,  thus  presenting  the  appearance  of  a  fenestrated 
membrane.  In  perfectly  fresh  hairs,  however,  if  all  re-agents  and 
mechanical  violence  be  avoided,  for  the  most  part  not  a  trace  of 
openings  is  seen  in  the  upper  half  of  the  layer  in  question ;  and  in 
the  lower  (from  the  finely  fibrous  part  of  the  cortex  downwards), 
at  the  most  only  indications  of  them,  in  the  form  of  bright  or 
dark  streaks  (according  to  the  focus) ,  similar  to  those  of  the  fibrous 
substance  of  the  shaft.  We  are  forced,  therefore,  to  regard  these 
openings  as  they  are  commonly  seen  (o*oo5""  to  O'OoS'""  in  length, 
and  0*00 1"'"  to  0*003'"'  in  breadth),  as  produced  artificially  by  the 
tearing  of  the  membrane.    Secondly,  cells  also  occur  in  the  root- 
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sheath,  which  never  present  fissures  between  them.  These  (fig. 
CO,  B.),  which  constitute  a  simple  or  double  layer  [Hu^hy  s  layer), 
are  shorter  and  broader  than  the  cells  above  described  (o-oH  to 
long,  o-oo6"'  to  0-009'"  broad);  likewise,  however,  poly- 


a;d'pors:sratTea;tln  the  lower  half  of  the  root-sheaUr 
distinct,  elongated,  often  pointed  nuclei,  0-004  to  0-006  .  il.e 
thickness  of  the  entire  inner  root-sheath  amounts,  on  an  average 
to  0-006"'  to  0-015'";  ^vhence  it  is  evident  that  rts  cells,  winch  at 
most  form  three  layers,  are  at  least  0-002'"  to  0-005'"  m  thickness. 
They  can  be  seen  without  preparation  in  then-  natural  position, 
and  by  teasing  out  the  root-sheath ;  they  are  easily  isolated  m  soda 
and  potash,  without,  however,  swelling  up  -  a  character  winch,  as 
well  as  their  considerable  resistance  to  the  actions  of  alkahes  m 
general,  they  share  with  the  cuticular  plates  of  the  hair. 

At  the  bottom  of  the  hair-foUicle,  the  proper  mner  root-sheath 


Fig.  50. 
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E,e,™nt.  ot  the  inner  "«'->"<;f "^f  L°  «0,"^  to™  th^^^^^^^^^^ 
Isolated  plates  ot  the  same  ;  2.  the  ?™=  "  Openings  Mh™^n 

layer  In  qnestion,  after  «V«?™«"  J"*  «f»'','f„»°4tta  and  sHghUy  dentated  nuelei.  C. 
LÄSÄe^orS»t%S"hV:VnM 

consists  of  only  a  single  layer  of  beautiful,  large  polygonal,  nu- 
cleated cells  without  openings  between  them,  which,  becoming 
at  last  soft,  delicate,  and  roundish,  pass  into  the  external  layers  ot 
the  round  cells  of  the  hair-bulb,  without  any  sharp  line  of  demar- 
cation.  Superiorly,  this  investment  is  not  unfrequently  somewhat 
separated  from  the  hair.  It  terminates  near  the  openings  of  the 
sebaceous  glands  in  a  sharp,  dentated  border,  which  is  formed  by 
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its  cells  individually  more  or  less  projecting.  Thence  upwards,  its 
place  is  occupied  by  the  external  root- sheath^  the  innermost  cells 
of  which  soon  assume  all  the  characters  of  those  of  the  horny 
layer  of  the  epidermis. 

The  cuticle  of  the  inner  root-sheath  is  closely  applied  to  the 
interior  of  the  root-sheath  in  its  whole  extent^  and  resembles  very 
much  the  cuticle  of  the  hair  itself,  which  it  immediately  adjoins. 
It  becomes  especially  distinct  on  the  addition  of  caustic  potash  or 
soda,  frequently  detaches  itself  on  pressure  from  the  hairs,  along 
with  the  inner  root-sheath ;  while  the  cuticle  of  the  hair^  thrown 
into  undulating  creases,  remains  lying  upon  the  fibrous  substance, 
and  in  this  condition  can  be  studied  with  facility,  both  in  a  profile 
and  superficial  view.  In  torn-out  hairs,  this  layer  is  only  found 
when  they  are  still  covered  by  the  inner  root-sheath,  otherwise  it 
remains  behind  in  the  hair-follicle.  It  consists  of  non-nucleated, 
imbricated,  broad  cells,  which  never  swell  up,  and  which  dissolve 
with  difficulty  in  alkalies ;  they  are,  however,  thicker  than  those  of 
the  cuticle  of  the  hair,  and  measure  in  the  longitudinal  direction  of 
the  hair  only  o*oo2'"  to  o'oo^"'.  The  whole  of  this  layer  measures 
o'ooi6'''  to  0'002''',  and  is  continued,  at  the  hair-bulb,  with  a 
tolerably  distinct  line  of  demarcation,  into  large  nucleated  cells, 
disposed  in  the  same  manner  as  those  into  which  the  cuticle  of  the 
hair  itself  passes,  except  that  they  are  generally  smaller. 

I  regard,  with  Beichert,  the  outer  root-sheath  as  the  epidermis  of  the  fol  - 
licle,  and  the  inner,  together  with  its  cuticle,  as  an  independent  layer  belong- 
ing to  the  hair  ;  only  I  cannot  admit,  as  Beichert  seems  to  do,  that  the  inner 
root-sheath,  with  its  cuticle,  continues  to  grow  in  the  developed  hair. 

§  64.  Development  of  the  Hairs. — The  first  rudiments  of  the 
hairs  are  flask-shaped,  solid  processes,  entirely  composed  of  cells, 
formed  hy  the  groivth  inivards  of  the  mucous  layer  of  the  epidermis, 
in  which  the  inner  and  outer  cells  become  modified  in  such  a  way 
that  the  former  are  converted,  first,  into  a  small  delicate  hair  in 
the  axis  of  the  rudiment,  and,  secondly,  into  an  internal  sheath 
surrounding  this  (both  being  transformed  into  a  horny  substance) ; 
while  the  latter  remain  more  unaltered  and  soft,  and  appear  as  the 
external  sheath  and  soft  cells  of  the  hair-bulb.  The  hairs  and 
sheaths,  therefore,  are  developed  at  once  in  their  totality ;  the 
former  as  miniature  hairs,  with  root,  shaft,  and  point.  Thus  the 
point  is  not  first  formed,  a&  is  the  case  with  the  crown  of  the  teeth, 
and  still  less  can  it  be  said  that  the  hair  begins  with  the  root,  as 
has  been  sometimes  supposed.    The  elements  of  the  youngest 
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hairs  are  nothing  but  elongated  cells,  similar  to  those  of  the  fibrous 
substance  of  the  subsequent  hairs,  ^'hich  arise  by  the  lengthening 
and  chemical  metamorphosis  of  the  innermost  cells  of  the  hair- 
rudiments.    Medullary  cells  are  wholly  absent ;  on  the  other  hand, 
the  cuticle  is  verv  obvious.    The  inner  sheath  is  striated  exhibits 
no  gaps,  and  consists  of  elongated  cells,  which  have  been  developed 
from  the  cells  situated  between  the  hail-  and  the  outer  sheath. 
The  proper  hair-follicle,  as  regards  its  fibrous  layers,  is  formed  tn 
loco  from  the  formative  cells  of  the  cutis,  which  surround  the  hair- 
rudiment.    It  may,  however,  be  conceived  as  an  inversion  of  the 
cutis,  connected  with  the  inward  growth  of  the  processes  of  the 
epidermis    Its  structureless  membrane,  which  appears  so  early, 
may  be  closely  related  to  the  external  cells  of  the  hair-rudiment, 
which  correspond  to  the  outer  root-sheath,  and,  like  the  memhranaj 
propria,  may  be  formed  by  an  excretion  from  them.    As  to  the 
hair-papilla,  we  cannot  but  regard  it  as  a  growth  of  the  fibrous 
part  of  the  hair-follicle,  analogous  to  the  papilla  of  the  conum  m 
general. 

The  first  rudiments  of  the  downy  hairs,  and  of  their  sheaths  are  found  in 
p.   5j  the  human  embryo  at  the  end  of  the 

'  third  or  the  commencement  of  the 

u_— -^~^j£y??^r^^^^^y     fourth  month,  on  the  forehead  and 
'         l^^^SM^-     eyebrows  ;  they  consist  of  papilliform 
collections  of  cells,  0-02'"  in  diameter 
3-.  51).    In  the  fifteenth  week  the 


processes  are  larger  (0-025'"  to  0-05' 
long,  0-0I3'"  to  0-02"'  broad),  flask- 
shaped,  and  surrounded  by  a  dehcate 
covering,  which  is  continuous  with  a 
.  ,  ^  r .  1  .ninn  deficatc  membrane  between  the  rete 
Mcdpigliu  and  cräis,  but  more  inti- 
^i^li^^^^^^S:^^^^^  mately  united  with  the  forn^er 

the  liair-riidimeiit,  and  contained  between  the       Besides  this  covering,  which  IS,  in- 

PreTot'^edTeislotSrVhe";^^^^^^^^^^^  deed,  nothing  but  the  structui-eless 
is  principally  composed.  membrane  discovered  by  me  in  the 

fully-developed  hair-follicles,  another  and  more  exterior  layer  of  cells  occurs 
on  the  hair-follicles,  which  generally  comes  away  with  them  from  the  cutis  in 
shreds  rarely  entire.  I  look  upon  this  as  the  first  indication  of  the  fibrous 
layers  of  the  hair-foUicles.  In  the  sixteenth  and  seventeenth  weeks,  the  pre. 
ceLs  of  the  mucous  layer,  which  I  shall  henceforth  simply  call  Mir-rudmimt,, 
enWe  up  to  o-oV"  to  o-c6"'  in  length,  and  0-03'"  to  0-04'"  in  breadth  and  heir 
ooveil  i  becoml  thicker,  although  they  do  not  present  as  yet  the  least  trace 
of  a  hah-  In  the  eighteenth  week,  the  first  indications  of  the  hairs  are  seen 
■n  Z  eyebrows,  in  hair-rudiments  of  o-i'"  and  o-."',  their  central  eel  s  being 
lengthened,  and  their  long  axis  disposed  parallel  to  that  of  the  rudiment 
whilst  the  peripheral  ceUs  are  arranged  with  their  long  diameter  transversely. 
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Thus  a  diversity  of  shade  arises  in  the  hitherto  homogeneous  hair-rudiment, 
and  a  central,  conical  mass,  broad  below  and  running  out  into  a  point  above, 
becomes  distinguished  from  an  external  portion,  which  is  narrow  below  and 
thick  above.  When  the  hair-rudiment  is  0-22'"  long,  this  demarcation  becomes 
still  more  evident,  as  the  somewhat  longer,  and  especially  broader,  inner  cone 


Fig.  52. 
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acquires  a  clearer  aspect. 
Lastly,  in  hair-rudiments  of 
o*22"'  long,  the  inner  cone  be- 
comes distinguished  into  two 
parts :  a  central,  somewhat 
darker,  and  an  external, 
wholly  transparent,  and  hya- 
line portion,  tlie  liair  and  the 
inner  root-sheath ;  whilst  the 
peripheral  cells,  which  have 
remained  opaque,  form  un- 
doubtedly the  outer  root- 
sheath  (£g.  52).  At  the  same 
time,  the  hair-papilla,  of  which 
there  were  before  slight  traces 
visible,  becomes  more  dis- 
tinct, and  the  proper  hair- 
follicle  more  perceptible,  as 
the  cells  which  are  situated 
external  to  its  structureless 
membrane  begin  to  pass  into 
fibres,  which  may  already  be 
recognised  by  their  decussa- 
tion. The  hair-follicles  and 
hairs  are  developed,  in  other 
places,  exactly  in  the  same 
way  as  in  the  eyebrows,  ex- 
cept that  their  formation  takes  place  at  a  later  period.  In  the  fifteenth  week, 
there  are  no  hair-rudiments  to  be  seen,  except  on  the  forehead  and  eyebrows 
in  the  sixteenth  and  seventeenth  weeks,  they  appear  over  the  whole  head, 
back,  chest,  and  abdomen  ;  in  the  twentieth  week,  on  the  extremities.  The 
hairs  themselves  are  never  visible  earlier  than  three  to  five  weeks  after  the 
formation  of  the  rudiments.  Thus,  for  example,  in  the  nineteenth  week,  no 
hairs  are  to  be  seen  anywhere  in  the  rudiments,  except  on  the  forehead  and 
eyebrows  ;  in  the  twenty-fourth  week,  they  are  still  wanting  upon  the  hand 
and  foot,  and,  in  part,  upon  the  fore-arm  and  leg. 

When  once  formed,  the  hairs  and  hair-follicles  increase  in  size  ;  the  former 
sometimes  penetrate  the  epidermis  immediately  (eyebrows,  eyelashes), 
sometimes,  in  company  with  the  inner  root-sheath  which  likewise  becomes 
lengthened,  they  push  their  points  between  the  horny  and  mucous  layers, 
or  even  into  the  substance  of  the  horny  layer  itself,  and  continue  to  grow  for 
some  time  longer  under  the  epidermis  (chest,  abdomen,  back,  extremities  [?] ) 
which  they  at  last  penetrate.  Involutions  of  the  skin,  which  grow  towards 
the  penetrating  hairs,  are  never  seen,  and  the  notion  that  such  involutions 
exist,  has  no  real  foundation. 

The  downy  hairs  {lanugo),  the  eruption  of  which  is  completed  by  the 


A.  Hair-rudiment,  Avith  just  developed  but  not  erupted  hair, 
of  Ü-28'"  in  length.  The  inner  root-sheath  somewhat  sur- 
mounts the  point  of  the  hair,  and  laterally,  at  the  neck  of  the 
follicle,  two  papilli-form  outgrowths  of  the  outer  root-sheath 
present  the  first  rudiments  of  the  sebaceous  glands.  B.  Hair- 
follicle  from  the  eyebrows,  with  a  hair  which  has  just  erupted. 
The  inner  root-sheath  projects  into  the  aperture  of  the  hair- 
follicle  ;  no  rudiments  of  sebaceous  glands  are  as  yet  present, 
e.  hair-bulb ;  /.  hair-shaft ;  g.  point  of  the  hair  ;  n.  rudiments 
of  the  sebaceous  glands. 
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twenty-third  to  the  twenty-fifth  week,  are  short  fine  hairs  whose  pecnhar 
disposition  has  been  mentioned  above.    They  measure  at  the  bulb,  o'o^ 
the  shaft,  0-006'";  at  the  point,  o-ooxz'"  to  o-oo.'".    They  are  l^gM-blond 
or  almost  colourless,  and  consist  only  of  fibrous  substance  and  cuticle,    i  Jie 
bulb,  in  man,  is  generally  colourless,  and  rests  upon  ^^^^^^/^."^^^^^^^^^^^ 
which  arises  as  usual,  from  the  bottom  of  the  hair-folhcle.    This  has  the 
same  three  layers  as  in  the  adult,  and  a  very  well  developed  epidermic  1  ming 
viz.,  an  external  root-sheath  of  o-ooV"  to  o'oiz'",  and  an  internal  root-sheath 
of  o-oo6"'  to  0-008'",  without  apertures.  i,,,„fT, 
After  their  eruption,  the  downy  hairs  continue  to  grow  slowly  to  a  length 
of  i  to  1  of  a  line,  and  to  a  greater  length  on  the  head  than  in  other  pai  s. 
The  majority  remain  to  the  end  of  fcetal  life,  and  become  gradually  daikei 
in  many  cases,  as  on  the  head,  even  blackish  ;  whilst  a  very  sma  1  portion  fall 
off  into  the  hquor  amnii,  along  with  which  they  are  often  swallowed  by  the 
foetus,  and  are  then  found  in  the  iMConium.    A  proper  shedding  of  the  hairs 
does  not,  as  far  as  I  can  see,  take  place  at  all  during  embryonic  life,  and  the 
infant  is  born  with  the  Umvgo ;  nor  is  there  any  trace  to  be  seen  of  a  further 
formation  of  hair-rudiments  after  the  complete  eruption  of  the  lanwio- 

§  65.  Shedding  of  the  Hair.— After  birtli,  a  total  shedding  of 

the  hair  takes  place,  by  new  hairs 
arising  in  the  follicles  of  the  doivny 
hairs,  and  gradually  displacing  the 
old  ones.  This  shedding  of  the  hairs, 
which  I  discovered  in  the  eyelashes 
of  a  child  one  year  old,  is  caused  by 
an  increased   growth   of  the  soft 
round  cells  of  the  hair^bulb,  and  of 
the  adjoining  outer  root-sheath  at 
the  bottom  of  the  follicle  of  the  old 
hair,  whereby  there  is  produced  an 
elongated  process  or  mass  of  cells, 
which  is  interposed  between  the  hair 
and  its  papilla,  so  that  the  hair  be- 
comes detached  from  the  latter,  and 
is,  at  the  same  time,  also  hardened 

Hairs  of  the  eyelashes  of  a  child,  one  year   Or  COmificd  in  its  loWCSt  part.  Whcn 
old ;  magnified  20  times.    A.  With  a  process 


Fig.  53. 


of  the  bulb  or  external  root-sheath,  of  0-25 
in  length,  in  which  the  central  cells  are  elon- 
gated (their  pigment  is  not  here  represented), 
and  distinctly  marked  off  from  the  outer 
ones  in  the 'form  of  a  cone.  B.  With  a 
process,  of  O  S'"  in  length,  in  which  the  mner 
cone  is  transformed  into  a  hair  and  an  inner 
root- sheath.  The  old  hair  has  moved  farther 
upwards,  and  like  as  in  A,  is  devoid  of  an 
inner  root-sheath,  a.  Outer;  b.  inner  root- 
sheath  of  the  young  hair  ;  c.  hair-cells  of  the 
papillce;  d.  bulb;  e.  shaft  of  the  old  hair; 
f.  bulb ;  g.  shaft ;  h.  point  of  the  young  hair  ; 
'i.  sebaceous  glands;  Jc.  three  sudoriparous 
ducts,  which  in  A.  open  into  the  upper  part  of 
the  hair-follicle;  Z.  transition  of  the  outer  root- 
sheath  into  the  mucous  layer  of  the  epidermis. 


the  above-mentioned  process  has  at- 
tained a  length  of  0-25'''  (fig.  53;  ^0' 
a  differentiation  of  its  external  and 
internal  cells  takes  place,  similar  to 
that  which  was  described  above 
while  speaking  of  the  origin  of  the 
downy  hairs  in  their  cellular  rudi- 
ments. Whilst,  namely,  the  outer 
cells  remain  round  and  colourless, 
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as  they  were  previously,  tlie  inner  ones  begin  to  develop  pigment 
in  til eir  interior  and  to  lengthen;  being  marked  off  at  the  same 
time  from  the  former  as  a  conical-shaped  mass,  >vith  its  apex  di- 
rected upwards.    At  first,  this  central  mass  is  perfectly  soft,  and, 
like  the  layers  of  cells  which  surround  it  externally,  easily  soluble 
in  soda.    At  a  later  period,  however,  after  it,  as  well  as  the  in- 
cluding process,  has  grown  somewhat  in  length,  its  elements 
become  harder,  and  separate  into  two  portions,  an  inner  dark  pig- 
mented, and  an  outer  bright  portion,  which  are,  in  fact,  a  young 
hair  with  its  inner  sheath  (fig.  53,  B.)-    The  young  hair,  the  point 
of  which  at  first  does  not  project  beyond  its  inner  root-sheath, 
gradually  reaches  with  its  point  to  the  opening  of  the  old  hair- 
follicle,  whilst,  at  the  same  time,  its  root-sheath  becomes  elongated. 
At  length  it  passes  out,  and  appears  at  the  same  opening  with  the 
old  hair,  which,  in  the  meantime,  has  been  more  and  more  pushed 
upwards.    When  the  development  of  the  young  hair  is  thus  far 
advanced,  the  last  stage  can  be  easily  comprehended.    The  old 
hair,  which  has  long  ceased  to  grow,  and  has  lost  its  connection 
with  the  bottom  of  the  follicle,  falls  out ;  whilst  the  young  hair 
becomes  larger  and  stronger,  and  fills  up  the  vacuity  left  by  the 
old  one.    I  regard  the  development  of  the  above-described  process 
of  the  hair-bulb  and  outer  root- sheath  at  the  bottom  of  the  follicle 
as  the  primum  movens  of  the  death  and  shedding  of  the  old  hair. 
As  the  follicles  are  not  correspondingly  elongated,  the  process  in 
question  pushes  upwards  all  the  parts  lying  above  it,  and  continually 
increases  the  distance  separating  the  hair-papilla  from  the  proper 
substance  of  the  old  hair,  i.  e.,  the  part  at  which  the  round  cells  of 
the  bulb  commence  to  elongate  and  to  be  converted  into  a  horny 
substance.    Thus  the  hair  is  raised,  as  it  were,  from  its  nutrient 
soil,  receives  a  less  and  less  supply  of  blastema,  finally,  ceases  to 
grow,  and  in  its  lowermost  part,  as  well  as  above,  is  converted  into 
horny  matter.    The  cells  of  the  process,  on  the  other  hand,  which 
are  in  connection  with  the  papilla,  continually  draw  new  formative 
material  from  it,  which,  for  the  time  being,  they  use,  not  for  the 
formation  of  horny  matter,  but  for  their  own  growth.    Thus  the 
intervening  process  attains  a  greater  and  greater  length,  and 
pushes,  in  a  purely  mechanical  manner,  the  old  horny  hair-root, 
together  with  its  sheath,  quite  to  the  aperture  of  the  sebaceous 
glands,  where,  to  all  appearance,  a  partial  solution  of  the  old 
sheath  takes  place,  which  can  be  demonstrated  with  certainty  in 
the  inner  sheath,  and  must  be  presumed  to  take  place  in  the  outer 
also. 
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What  has  been  said  applies  only  to  the  eyelashes.  The  hair- 
follicles  of  the  head,  and  of  the  other  parts  of  the  body  of  the 
child  above-mentioned,  contained  each  only  one  hair;  but  this, 
presented  at  its  bulb,  a  process  which,  though  unaccompanied  by 
a  new  hair,  exactly  resembled  that  which  precedes  the  shedding  of 
the  eyelashes.  These  processes  are,  in  general,  very  common  in 
the  hairs  of  children  in  the  first  year  after  birth.  I  believe  I  am 
not  wrong,  when  from  the  presence  of  these  processes  I  infer  the 
occurrence  of  a  general  shedding  of  the  hair;  and  especially  since 
it  is  certain,  that,  in  many  children,  the  hairs  of  the  head  fall 
out  in  from  two  to  six  months  after  birth,  and  are  replaced  by 
new  ones.  Nevertheless,  further  observations  will  be  necessary  to 
decide  in  what  period  of  time  this  first  change  of  the  hair  takes 
place,  in  what  hairs  it  occurs,  and  whether  repetitions  of  the 
process  may  not  perhaps  take  place  at  a  later  period. 

Ill  the  periodical  shedding  of  the  hair  of  animals  the  new  hairs  are  hkewise 
formed  in  the  follicles  of  the  old  ones,  as  the  observations  of  Heusinger  and 
Kohlrausch,  and  recently  also  those  of  Langer,  Gegenhaur,  and  Steinlin  show  ; 
still,  according  to  the  last  author,  with  whom,  however,  Langer  does  not 
entirely  agree,  the  steps  of  the  process  do  not  appear  to  be  exactly  the  same 
as  in  man. 

§  66.  Physiological  Remarks.~The  hairs  possess  a  determinate 
length,  according  to  their  situation  and  the  sex  of  the  individual, 
but  grow  again  when  cut,  and  thus,  agree  with  the  other  horny 
structures.  The  place  whence  the  growth  of  hair  proceeds  is, 
undoubtedly,  the  bottom  of  the  hair-follicle.  Here  new  elements 
are  developed  around  the  hair -papilla— through  means  of  a  blastema 
exuded  from  its  vessels,  or  those  of  the  hair-follicle  itself— by  the 
continual  multiplication  of  the  cells  there  situated,  while  the 
elements  already  formed,  and  now  somewhat  higher  placed,  are 
transformed,  uninterruptedly,  the  middle  ones  into  the  cells  of  the 
medulla,  those  immediately  following  into  the  plates  of  the  fibrous 
substance,  and  the  outermost  into  epidermic  scales ;  and  thus  the 
cornified  part  of  the  hair  is  continually  pushed  from  below 
upwards,  and  elongated.  In  the  latter  no  formation  of  elementary 
parts  occurs,  at  most  only  a  certain  alteration  of  those  already 
existing,  which  causes  a  gradual  thinning  of  the  root  from  the 
bulb  upwards,  until  it  is  reduced  to  the  thickness  of  the  shaft. 
Higher  up  even  these  changes  of  the  elementary  parts  are  wanting ; 
consequently  hairs,  when  cut,  do  not  acquire  new  points.  The 
root-sheaths  and  the  outer  layer  of  the  hair-cuticle  do  not  take 
part  in  the  growth  of  cut  hairs. 
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The  fully-developed  liair^  although  destitute  of  vessels,  is  not  a 
dead  structure.  Although  the  vital  changes  going  on  in  it  are 
still  altogether  shrouded  in  obscurity,  still  we  may  assume^  that  it 
is  permeated  by  fluids,  and  employs  them  for  its  nourishment  and 
maintenance.  These  fluids  come  from  the  vessels  of  the  papilla 
and  follicle,  ascend  probably  in  chief  part  from  the  bulb^  through  the 
cortical  substance,  and  penetrate  into  all  parts  of  the  hair,  although 
there  are  no  special  canals  for  this  purpose  to  be  found  in  the 
tissue.  When  these  fluids  have  served  for  the  nutrition  of  the 
hair^  they  are  exhaled  from  its  outer  surface  and  replaced  by  new 
portions.  Perhaps,  also^  the  hairs  absorb  fluids  at  the  surface_, 
either  as  liquid  or  vapour,  exactly  like  a  hygrometric  hair;  on  the 
other  hand,  I  cannot  believe  that  the  secretion  of  the  sebaceous 
glands  penetrates  the  hairs  from  without,  as  many  authors  appear 
to  assume,  since  the  perfectly-continuous  hair-cuticle  is,  in  fact, 
impervious  to  it.  In  like  manner,  it  appears  to  me  still  by  no 
means  proved,  that  the  hairs  are  permeated  by  a  special  oily  fluid 
(Laer),  coming  from  the  medullary  substance  [Reichert)^  and 
keeping  them  in  an  unctuous  condition ;  for  such  a  fluid  cannot 
be  demonstrated,  and  the  unctuous  character  of  the  hairs  is  easier 
explained  by  the  sebaceous  secretion  of  the  skin,  which,  as  may  be 
easily  seen,  adheres  to  them  externally.  The  formation  of  air  in 
the  medulla  can  depend  only  upon  a  disproportion  between  the 
supply  of  fluid  from  the  hair  follicle  and  that  which  goes  ofi"  by 
evaporation ;  it  is,  as  it  were,  a  desiccation  of  the  hairs,  although 
it  must  not  be  thought  that  the  hair  is  entirely  deprived  of 
moisture  in  its  aeriferous  portions.  But,  doubtless,  the  aeriferous 
portions  are  to  be  regarded  as  the  most  inactive,  and  as  relatively 
dead  parts  of  the  hair,  whilst  the  fibrous  substance,  which  is  also 
easiest  altered  by  the  action  of  alkalies,  notwithstanding  the 
apparent  hardness  and  rigidity  of  its  elements,  must  be  considered 
as  richest  in  fluids,  and  as  taking  the  largest  share  in  the  nutrition 
of  the  hair.  The  hair  must,  therefore,  be  regarded  as  endowed 
with  life,  and  dependent  in  a  certain  way  upon  the  entire  organism ; 
but  upon  the  skin,  in  particular,  from  whose  vessels  (those  of  the 
hair-follicle)  it  draws  the  materials  necessary  to  its  existence. 
From  the  condition  of  the  hairs,  therefore,  as  Hernie  aptly  observes, 
we  may  draw  a  conclusion  of  the  degree  of  activity  of  the  skin 
itself.  If  they  be  soft  and  shining,  the  skin  is  turgescent  and 
actively  exhalent ;  if  they  be  dry,  brittle,  and  rough,  we  may  infer 
a  certain  degree  of  collapse  of  the  surface  of  the  body.  The 
falling  out  of  the  hairs  certainly  depends,  in  many  cases — as,  for 
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example,  when  it  occurs  in  the  course  of  normal  development— 
merely  on  the  want  of  the  necessary  nutrient  material,  which,  in 
the  natural  moulting  of  the  hairs,  as  already  explained,  is  owing 
to  the  separation  of  the  hair  from  its  nutrient  matrix,  caused  by 
the  exuberant  growth  of  cells  at  the  bottom  of  the  folhcle ;  but, 
in  old  age,  it  may  simply  depend  upon  the  obhteration  of  the 
vessels  of  the  hair-follicle/  The  whitening  of  the  hair  also,  which 
depends  chiefly  upon  a  decoloration  of  the  fibrous  substance,  and 
less  upon  that  of  the  almost  colourless  pith,  is,  doubtless,  partly  to 
be  referred  to  the  same  cause,  for  its  normal  appearance,  in 
advanced  age,  shows  it  to  be  also  of  the  nature  of  a  retrogressive 
change.  The  frequent  cases  in  which  the  hair  first  becomes  gray 
at  the  point  or  at  the  middle,  and  the  well-authenticated  instances 
of  its  rapidly  becoming  white  are  interesting,  and  speak  strongly 
for  the  vitality  of  the  hair;  although  it  is  not  yet  known  what 
peculiar  processes  in  the  elements  of  the  hair  occasion  the  decolor- 
ation of  its  difl'erent  pigments. 

As  in  the  earliest  periods  of  life  the  cast-off  hairs  are  replaced 
by  new  ones,  so  we  find  something  similar  occurring  at  a  later 
period.  It  is  quite  certain  that  during  the  vigorous  period  of  life 
there  is  a  continual  replacement  of  the  numerous  hairs  which  are 
shed ;  further,  that  at  the  time  of  puberty  new  hairs  shoot  forth 
in  great  numbers  in  certain  localities,  but  how  is  unknown.  Since 
in  the  adult  there  are  hair-roots  with  small  processes  downwards, 
whose  proper  hair  has  an  abrupt  knob-shaped  end,  as  in  the  ciiild ; 
since  further,  two  hairs  not  unfrequently  come  out  at  one  opening, 
and  can  even  be  demonstrated  existing  together  in  one  follicle ; 
and,  lastly,  since  the  roots  of  hairs  which  have  fallen  out  sponta- 
neously, are  exactly  similar  to  those  of  the  cast-off  hairs  of  the 
first  casting,  it  may  be  assumed  that  a  real  shedding  also  occurs  at 
a  later  period,  and  in  such  a  manner  that  the  old  follicles  produce 
new  hairs,  and  cast  off  the  old  ones,  as  has,  in  fact,  been  proved  by 
Langer,  By  this,  however,  I  do  not  mean  to  assert  that  a  forma- 
tion of  hairs  from  new  rudiments  does  not  also  occur  after  birth ; 
only  this  much,  that  in  the  adult,  as  in  earlier  periods,  they  are 
regenerated  from  the  pre-existing  hair-follicle.  This  will  appear  the 
more  probable  when  it  is  recollected  that,  according  to  the  observa- 
tions of  Heusinger,  the  tactile  hairs  of  dogs,  when  pulled  out,  are, 
within  a  few  days,  reproduced  in  the  same  follicle ;  and,  also,  that 
in  the  shedding  of  the  hair  in  adult  animals,  the  young  hairs  are, 
according  to  KoMrausch,  developed  from  the  old  follicles.  Also, 
when  the  hairs  which  have  fallen  out  after  a  severe  iUness,  are 
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reproduced^  it  is  more  probable  that  they  are  developed  in  the  old 
follicles  than  that  they  are  entirely  new  formations ;  since^  accord- 
ing to  E.  H.  Weher,  the  follicles  of  cast-off  hairs  continue  to  exist 
for  a  long  time. 

The  reason  why  the  hairs  continue  to  grow,  as  long  as  they  are  cut,  other- 
wise not,  is  the  same  as  I  already  adduced  in  the  analogous  case  of  nails. 
The  vessels  of  the  papillae  yield  a  certain  quantity  of  nutritive  fluid,  just  so 
much  as  suffices  to  keep  the  whole  hair  continually  moist,  and  to  maintain  it  in 
a  state  of  vitality.  If  the  hair  be  cut,  there  is  more  nutritive  fluid  present 
than  the  hair  requires,  and  thus  it  grows  from  the  surplus  of  the  supply^ 
until  it  has  again  attained  its  typical  length,  and  so  it  continually  grows,  if  it 
be  continually  clipped. 

Dzondi,  Tieffenhach,  and  Wiesemann,  have  succeeded  in  transplanting  the 
hairs  with  their  follicles.  Hairs  arise,  also,  in  abnormal  localities,  e.g.  on 
mucous  membranes,  ovarian  cysts,  encysted  tumours,  and  possess  in  all  these 
cases,  even  in  the  lungs  {Mohr's  case),  follicles,  root-sheaths,  and  an  otherwise 
normal  structure.  Cicatrices  of  the  skin  remain  destitute  of  hairs.  "We 
cannot  say  upon  what  depends  the  occasional  occurrence  of  excessive  growth 
of  the  hair,  or  of  an  abnormal  general  shedding,  together  with  repeated  repro- 
duction. Probably  increased  or  diminished  exudation  from  the  vessels  of 
papillse  and  hair-follicles  are  the  chief,  the  condition  of  the  skin,  and  of  the 
entire  organism,  the  remote  causes  of  these  phenomena.  Baldness,  limited 
to  a  particular  spot  {alopecia  circumscripta),  may  be  caused  by  vegetable 
growth  (fungi)  in  the  interior  of  the  hair  itself,  or  under  the  cuticle  of  the 
hair,  and  around  it.  The  turning  gray  of  the  hair  is  also  unexplained, 
although  the  nervous  system  may  evidently  be  concerned  in  causing  it  (grief, 
arduous  mental  exertions).  It  is  not  until  physiology  and  chemistry  have 
made  us  better  acquainted  with  these  last-mentioned  processes,  that  we  can 
think  of  a  scientific  pathology  and  therapeia  of  the  hair. 

For  microscopical  examination,  a  white  hair  with  its  follicle  should  be 
selected,  afterwards  also  coloured  ones.  Transverse  sections  may  be  procured 
either  by  shaving  twice  at  short  intervals  {Henle),  or  cutting  hair  upon  a 
glass  {H.  Meyer),  or  a  bundle  of  hairs  between  two  cards  {Bowma^i),  or 
grasped  in  a  cork  {Harting)  ;  Reichert  uses  for  this  purpose  hairs  fixed  in 
gutta  percha.  Longitudinal  sections  may  be  obtained  by  scraping  a  fine  or 
splitting  a  coarse  hair.  The  hair-follicle  may  be  examined,  isolated,  and  with 
the  hair  ;  its  different  layers  may  be  separated  by  a  nice  dissection,  and  the 
nuclei  of  the  two  external  ones  may  be  perceived  on  the  addition  of  acetic 
acid.  As  to  the  papilla  we  have  already  given  the  necessary  information. 
The  outer  root-sheath,  with  its  upper  part,  often  wholly  accompanies  the  hair 
when  torn  out ;  in  the  macerated  skin  it  is  very  easily  detached  with  the 
hair ;  the  cells  may  be  seen  without  addition,  or  by  means  of  a  little  acetic 
acid  or  caustic  soda.  The  inner  root-sheath  is  often  found  entire  in  torn-out 
hairs,  and  may,  without  further  preparation,  or  after  removal  of  the  outer 
sheath,  be  seen  in  all  its  parts.  Potash  and  soda  make  it  still  more  distinct 
after  they  have  acted  for  a  short  time.  The  hair-cuticle  must  be  examined 
particularly  with  alkalies  and  sulphuric  acid,  as  also  the  hair  itself ;  what  is 
most  important  in  reference  to  this  has  been  already  mentioned,  and  for 
further  details  consult  Bonders  (1.  c).    I  will  only  mention  that  here  also  the 
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employment  of  boiling  saves  much  time.  In  examining  foetal  hairs,  if  the 
subject  be  very  young,  the  epidermis  should  be  pulled  off,  on  the  inner  sur- 
face of  which  the  rudiments  will  be  found  ;  in  older  embryos  fine  sections 
through  the  skin  may  be  made  ;  or  the  corium  may  be  removed  with  the 
epidermis,  in  which  case  caustic  soda  is  of  good  service. 

Literature. — Eschricht,  in  Müll.  Arch.  1837,  p.  37  ;  v.  Laer,  de  Structura 
Capill.  Hum.  Ohservationibus  microscopicis  illustr.  Dissert,  inaug.  Traject.  ad 
Rhenum,  1841  ;  G.  Simon,  Müll.  Archiv.  1841,  p.  361;  Kohlrausch,  Müll. 
Arch.  1846,  p.  300  ;  J^schb,  de  Tells  Epithelialihus  in  genere  et  de  its  Vasorum 
in  specie.  Dorpat.  1847  ;  Kölliker,  in  Mitth.  der  Ziirch.  Naturf.  Qesch. 
1847,  p.  177;  Hessling,  in  Fror.  Not.  1848,  No.  113;  Langer,  Denhschr. 
d.  Wien.  AJcad.  1850,  Bd.  I. ;  E.  Reissner,  de  Hominis  Mammal.  Pilis.  Dorp. 
1853.    Dissert ;  Dalzell,  in  the  Monthly  Journal^  1853,  p. 279. 

IV. —  Of  the  Glands  of  the  Skin. 

A.  OF  THE  SUDORIPAROUS  GLANDS. 

§  67.  The  Sudoriparous  Glands  are  simple  glands,  consisting  of 
a  delicate,  more  or  less  convolute  tube,  which  secrete  the  sweat. 
They  occur  over  the  whole  extent  of  the  skin,  with  the  exception 
of  the  concave  side  of  the  concha  of  the  ear^  the  external  auditory 
passage,  the  glans  penis,  one  lamella  of  the  prepuce,  and  a  few 
other  places ;  and  open  at  its  surface  by  numerous  fine  orifices. 
In   every   sudoriparous   gland    (fig.  59)    we   distinguish  the 

gla7idular  coil,  or  the 
proper  gland  from  the 
excretory  duct,  the  canalis 
sudoriferus.  The  former 
is  a  rounded  or  oblong 
body  of  a  yellowish  or 
yellowish-red  transpa- 
rent colour,  which,  as  a 
rule,  measures  ^th  to  ^th. 
of  a  line;  but,  on  the  eye- 
lids, the  skin  of  the  penis, 
scrotum,  nose,  and  con- 
vex side  of  the  concha  of 
the  ear,  only  ^oth.  to  ^th. 
of  a  line  :  whilst  in  the 

a  sudoriparous  glandular  coil  and  its  vessels,  magnified  i        p    i         •  i 

35  times,  a.  glandular  coil ;  5.  excretory  duct,  or  sudoripa-  arCOla  01  the  nipple  and 
rous  canal ;  c  c.  vessels  of  a  glandular  coil.   After  Todd  and     .  •   i  i         i  i 

Bowman.  its    ncighoourhood,  on 

the  root  of  the  penis,  and  between  the  scrotum  and  perineum, 
it  measures  as  much  as  half  a  line ;  finally,  in  the  hairy  parts  of 
the  arm-pits  it  attains  -i^  to  i  or  lines  in  thickness,  and  i  to  3 
lines  in  breadth. 


Fig.  54. 
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The  sudoriparous  glands  generally  lie  in  tlie  meslies  of  the 
reticular  part  of  the  corium,  at  a  greater  or  lesser  depth,  sur- 
rounded by  fat  and  loose  connective  tissue,  alongside  or  beneath 
the  hair-follicles.  More  rarely  they  are  met  with  in  or  on  the 
boundary  of  the  subcutaneous  areolar  tissue^  as,  for  example,  in 
the  axilla,  the  areola  of  the  mamma  in  part^,  the  eyelids^  the  penis, 
and  scrotum,  the  palm  of  the  hand,  and  sole  of  the  foot.  In  the 
two  last-mentioned  places  they  are  arranged  in  rows  under  the 
ridges  of  the  corium,  and  at  tolerably  equal  distances  from  each 
other ;  in  other  regions  they  are,  for  the  most  part,  regularly  met 
with  either  singly  or  in  pairs,  seated  in  an  interstice  of  the  corium ; 
still,  according  to  Krause,  there  are  parts  of  the  surface  measuring 
L  to  '\  of  a  line  in  extent,  where  they  are  wholly  absent  or  occur 
closely  together  in  groups  of  threes  or  fours.  In  the  arm-pit,  the 
glands  form  a  continuous  layer  under  the  corium. 

According  to  Krause,  there  are  from  400  to  500  glands  on  a  square  inch  of 
skin,  upon  the  dorsal  surface  of  the  trunk,  on  the  cheeks,  and  the  first  two 
segments  of  the  lower  extremities  ;  924  to  1090  on  the  anterior  aspect  of  the 
trunk  and  neck,  on  the  forehead,  the  fore-arm,  and  on  the  back  of  the  hand 
and  foot ;  on  the  sole  of  the  foot  2685,  and  on  the  palm  of  the  hand  2736. 
The  total  number  of  the  sudoriparous  glands,  without  including  those  of  the 
arm-pit,  is  approximatively  estimated  by  Krause  at  2,381,248,  which  is  pro- 
bably rather  over  than  under  the  truth  ;  and  their  entire  volume,  inclusive 
of  those  of  axilla,  at  39*653  cubic  inches. 

The  vessels  of  the  sudoriparous  glands  (fig.  54,  c.)  can  be  parti- 
cularly well  seen  on  those  of  the  arm-pit.  On  the  others,  also, 
vessels  are  here  and  there  to  be  seen  (most  evidently  on  the 
penis,  where  glands  of  0-36""  are  supplied  by  beautiful  ramifications 
of  an  artery  of  0'o6"'  distributed  in  their  interior),  and  in  suc- 
cessful injections  of  the  skin  the  glauds  appear  as  reddish  bodies. 
Nerves  have  not  hitherto  been  found  upon  them. 

§  68.  Intimate  Structure  of  the  Glandular  Coil. — The  sudoriparous 
glands  consist,  as  a  rule,  of  a  single  much- convoluted  canal  (in  one 
case,  according  to  Krause,  f  long),  rolled  up  into  a  ball,  and 
possessing  nearly  the  same  width  throughout  its  entire  course, 
which  terminates  either  on  the  surface  of  the  ball  or  in  its  in- 
terior, in  the  form  of  a  slightly  swollen  cul-de-sac.  It  is  only  in 
the  large  glands  of  the  arm-pit  that  the  canal  is  divided  into 
branches,  dichotomously,  which  again  divide — in  rare  cases  even 
anastomose— -and  then,  after  giving  off  small  ceecal  pouches,  ter- 
minate, each  separately,  in  a  blind  extremity. 

The  canals  of  the  glands  have  either  thick  or  thin  walls.  The 
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Fig.  55. 
A 


latter  possess  an  external  covering  of  indistinctly  fibrous  con- 
nective tissue  with  elongated^  scattered  nuclei,  wliicli  is  sharply 
bounded  internally  by  a  delicate  membrana  propria,  and  this  is 
lined  within  with  a  simple,  double  or  multiple  layer  of  polygonal 
cells  of  0*005'''  to  0*007'".  These  cells  entirely  resemble,  in  their 
chemical  and  other  characters,  the  deeper  pavement-epithelial 
cells,  except  that  they  contain  some  fat-granules, 
and  still  more  frequently  a  small  number  of 
yellowish  or  brownish  pigment-granules.  The 

thick  loalled  sudo- 
riparous glandular 
canals  have,  in  ad- 
dition to  the  two 
coats  above  de- 
scribed, a  middle 
layer  of  longitu- 
dinal, smooth  mus- 
cular fibres,  whose 
elements  are  rea- 
dily separable.  In 
all  cases  in  which 
the  glandular  ca- 
nals contain  only  fluid,  the  epithelium  is  a  simple,  very  distinct 
layer  of  polygonal  cells  of  o*oo6"'  to  0*015'";  in  the  opposite  case 
it  can  be  seen  only  with  difficulty,  or  not  at  all.  With  regard  to 
the  occurrence  of  these  tvv^o  forms  of  glandular  canals,  it  is  found 
that  thick  walls  and  a  muscular  structure  occur  especially  in  the 
larger  glands  of  the  axilla,  whose  tubes  all  possess  muscular  walls, 
and  thence  acquire  a  peculiar  striated  appearance.  A  structure  in 
all  respects  similar  I  have  found  only  in  the  large  glands  at  the  root 
of  the  penis  and  on  the  nipple ;  although  a  partially  developed  or 
less  strongly  marked  muscular  structure  undoubtedly  exists  in  some 
other  places,  particularly  in  the  glands  of  the  palm  of  the  hand, 
whose  wide  canals  are  remarkable  for  the  thickness  of  their  walls, 
and  present  muscular  fibres  distinctly  to  be  seen,  although  not  so 
well  marked  as  elsewhere.  This  remark  applies  also  to  particular 
glands  on  the  scrotum  and  even  on  the  back,  the  labia  majora,  the 
mons  Veneris,  and  in  the  neighbourhood  of  the  anus  —  but  with 
this  qualification,  that  often  but  a  small  part  of  the  glandular  tube, 
or  even  only  its  ultimate  blind  extremity  is  provided  with  muscular 
fibres.  The  glands  of  the  leg,  penis,  breast  (the  areola  excepted), 
the  eyelid,  and  the  majority  of  those  of  the  back,  the  thigh  and 


Sweat  ducts,  magnified  350  times.  A.  One  with  tliin  walls  and  a 
central  cavity  without  a  muscular  coat  from  the  hand ;  a.  connective 
investment;  &.  epithelium  ;  c.  cavity.  B.  A  portion  of  a  canal  without 
a  cavity,  and  with  a  delicate  muscular  layer  from  the  scrotum  ;  a.  con  ■ 
nective  tissue  ;  b.  muscular  layer ;  c.  cells  in  the  canal  with  yellow 
granules  in  their  contents. 
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abdomen,  as  well  as  the  first  two  segments  of  tlie  upper  extremities, 
have  delicate  walls,  and  are  destitute  of  muscles. 

The  diameter  of  the  glandular  canals  varies,  in  the  smaller 
glands,  from  0-022'"  to  0-04'^  and  amounts,  on  an  average,  to  0*03  J 
the  thickness  of  the  walls  0-002'"  to  0-003%  the  epithelium  o'Oo6"; 
and  the  cavity  0-004"'  to  o-oi."'  Some  of  the  glands  of  the  axilla 
possess  canals  of  o'oy"'  to  o-i,'"  and  even  015'"  in  diameter,  with 
walls  (without  reckoning  the  epithelium)  of  0*006'"  thick,  of  which 
the  half  belongs  to  the  muscular  layer ;  but  others,  and  in  fact,  the 
largest,  have  canals  of  only  0-03'"  to  o-o6'"  in  diameter,  with  walls  of 
0-004'"  in  thickness.  In  the  areola  and  on  the  genitals  the  diameter 
also  varies  in  the  larger  glands,  but  within  narrower  limits. 

Between  all  the  coils  of  the  sudoriparous  glands  connective  tissue 
penetrates  (occasionally  with  fat-cells),  which  conducts  their 
vessels,  and  connects  the  windings  of  their  tubes;  in  some  cases 
there  is  an  outer  fibrous  envelope  (ordinary  connective  tissue 
with  fusiform  nuclei),  surrounding  the  whole  coil,  which  is  par- 
ticularly well-developed  in  those  lying  free  in  the  subcutaneous 
connective  tissue  (penis,  axilla,  etc.). 

§  69.  Secretion  of  the  Sudoriparous  Glands. — All  the  smaller 
glands  contain,  as  soon  as  a  cavity  becomes  apparent  within  them 
(which,  however,  is  not  always  the  case),  only  a  clear,  transparent 
fluid,  without  any  structural  constituents;  the  contents  of  the 
glands  of  the  axilla,  on  the  other  hand,  are  rich  in  such  con- 
stituents. The  secretion  in  the  latter  case  appears,  in  the  first 
place,  as  a  gray,  transparent,  slightly  fluid  substance,  with  innu- 
merable fine,  pale  granules,  and  often  with  scattered  nuclei ;  and, 
secondly,  as  a  whitish-yellow,  tolerably  tough  mass,  with  a  variable 
number  of  large,  dark,  colourless  or  yellowish  granules,  nuclei,  and 
cells,  similar  to  the  epithelial  cells  already  described.  It  is  clear 
that  these  contents,  which,  as  I  find,  contain  much  fat  and  protein, 
diff'er  considerably  from  the  ordinary  sweat,  which  is  fluid,  and 
contains  no  constituents  of  definite  form,  and,  perhaps,  are  more 
nearly  related  to  the  sebaceous  matter  of  the  skin ;  and  on  this 
account,  we  might  be  induced  to  exclude  the  glands  of  the  axilla 
from  the  class  of  the  sudoriparous  glands,  and  to  regard  their 
secretion  as  peculiar.  But  these  glands  also  occasionally  contain 
a  secretion  with  but  few  granules,  nay,  even  nothing  but  fluid ; 
moreover,  there  occur,  amongst  the  larger  glands  of  the  axilla, 
smaller  ones,  which,  as  regards  their  contents,  come  by  gradual 
stages  to  agree  with  the  very  large  glands,  on  the  one  hand,  and 


128 


SUDORIPAROUS  GLANDS. 


[sect.  70. 


the  ordinary  ones  on  the  other.    If  \^  e  further  consider  that,  in 
exceptional  cases,  the  sudoriparous  glands  in  other  places,  as,  e.  a., 
in  the  areola  of  the  breast,  yield  a  fluid  abundant  in  granules,  and 
that  the  ordinary  sweat  also  contains  fat  and  nitrogenous  substances, 
we  arrive  at  the  comnction,  that  a  separation  of  the  larger  glands 
of  the  axilla  from  the  ordinary  sudoriparous  glands,  on  account  of 
their  secretion  is  not  advisable  3  and  the  more  so,  as  we  do  not  as 
yet  by  any  means  know  whether  the  latter  may  not,  under  certain 
circumstances,  also  contain  granules.    ^A'ith  regard  to  the  origin 
of  the  granular  contents,  they  must  be  referred  to  cells  which  are 
formed  in  the  gland-tubes.    In  fact,  cells  are  fi-equently  met  Avith 
in  the  latter  which  contain  the  same  granules  as  occur  free  in  the 
canals,  and  often,  so  to  speak,  entirely  constitute  their  contents. 
It  may  happen,  also,  that  in  one  and  the  same  gland  the  ends  of 
the  gland-tubes  contain  nothing  but  cells,  while  the  excretory  duct 
contains  not  a  trace  of  such  cells,  but  only  granules  and  occasional 
free  nuclei ;  and,  in  such  cases,  it  is  easy  to  perceive  how  the  cells 
disappear  as  they  pass  upwards,  and  allow  their  contained  granules 
and  nuclei  to  become  free.    These  evidently  arise  from  the  epi- 
thelial cells  of  the  tube  of  the  glandular  coil ;  for,  first,  the  cells  of 
the  contents  and  those  of  the  epithehum  are  in  all  respects  alike  ; 
and,  secondly,  no  epithelium  is  usually  to  be  found  in  the  glands 
when  their  secretion  abounds  in  cells  and  granules,  so  that  the  latter 
comes  into  immediate  contact  with  the  membrana  propria.  Now 
—  since,  on  the  other  hand,  the  epithelium  may  always  be  very 
clearly  seen  in  those  glands  which  contain  only  clear  fluid,  and  fre- 
quently includes  many  dark,  pigmentous  (even  gold-yellow)  granules 
in  its  cells  —  it  may  be  assumed,  that  the  cells  found  in  the  contents 
are  really  cast-off  epithelium,  and  that  the  secretion,  in  general,  de- 
pends upon  the  continual  growth  and  detachment  of  epithelial  cells. 

§  70.  Sweat-ducts— The  excretory  ducts  of  the  sudoriparous 
glands,  the  sweat-ducts,  or  spiral  canals  (fig.  56),  commence  at  the 
uppermost  end  of  the  glandular  coil  as  simple  canals,  ascend 
with  a  slightly  serpentine  course  through  the  cutis,  and  then  enter 
the  epidermis  between  the  papillae,  never  at  their  apices.  Arrived 
here,  they  begin  to  become  twisted,  and,  according  to  the  thickness 
of  the  epidermis,  make  from  two  to  sixteen  narrower  or  wider  spiral 
windings,  till,  at  last,  they  open  on  the  free  surface  of  the  epidermis 
with  small,  round,  frequently  funnel-shaped  openings,  the  so-called 
sweat-pores. 

The  length  of  the  sweat-ducts  depends  upon  the  position  of  the 
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glands  and  upon  the  thickness  of  the  skin.  The  commencement 
of  the  doct  is,  without  exception,  narrower  than  the  canal  in  the 
glandular  coil;  it  measures  0-009'"  to  O'0 12'",  and  remains  so  until 
it  enters  the  mucous  layer,  where  it  enlarges  to  double  (up  to 
0  024'"  to  0  02B'")  of  its  former  size  ;  thus  wide,  it  passes 
through  the  epidermis,  and  terminates  by  an  opening  ^^'^  to  i-^^ 
in  diameter.  In  the  corium,  the  sweat-ducts  have  always  a  distinct 
cavity,  an  outer  investment  of  connective  tissue  with  elongated 
nuclei  (in  the  glands  of  the  axilla,  7  -  5»^ 

also,  muscles,  at  least  in  the  lower 
part],  and  an  epithelial  lining  of 
at  least  two  layers  of  polygonal, 
nucleated  cells,  without  pigment 
granules.  At  the  point  where 
the  sweat-ducts  enter  the  epider- 
mis they  lose  their  covering  of 
connective  tissue,  which  coalesces 
with  the  outermost  layer  of  the 
corium,  and  are  thenceforth 
bounded  by  nothing  but  layers  of 
cells,  which  are  nucleated  in  the 
mucous  layer,  but  without  nuclei 
in  the  horny  layer.  Both  chemi- 
cally and  structurally,  these  en- 
tirely resemble  the  cells  of  the 
epidermis,  excepting  only  that 
they  are  set  more  perpendicularly, 
particularly  in  the  homy  layer. 
In  the  epidermis,  the  ducts  have 
frequently  a  distinct  cavity;  at 
other  times,  instead  of  it,  a  gra- 
nular streak  extends  along  the 

T      ,  T    .  1    r  1      i  limn  of'  a'  sweat -duct  passing  into  the  macons 

duct,   and  is   probably  to    be   re-   layer:     cavity  of  the  same  in  the  connm  " 


PerpendicnlaT  section  of  the  epidermis  and  ex- 
ternal part  of  the  coriom  of  the  extremity  of  the 
thumb,  carried  transversely  through  two  ridges. 
The  preparation  being  treated  with  acetic  acid 
and  seen  as  magnified  50  times,  a.  Horny  layer 
of  the  epidermis ;  d.  mucous  layer ;  c.  corium  ;  i, 
simple  papilla :  e.  compound  papilla ;  /.  epithe- 


h.  in 


the  homy  layer ;  i.  sweat- pore. 


garded  as  a  secretion,  or  the 
sediment  of  a  secretion.  The  sweat-pores,  whose  position,  in  con- 
formity with  that  of  the  sudoriparous  glands,  is  sometimes  regular, 
sometimes  more  irregular,  may  be  seen  with  the  unaided  eye  on 
the  palm  of  the  hand  and  sole  of  the  foot ;  but  in  other  places, 
can  only  be  recognised  with  the  microscope.  Occasionally,  the 
excretory  ducts  of  two  glands  unite  to  form  one  canal  {Krause) . 


§71.  iJecelopmerit  of  the  Sudoriparous  Glands. — The  sudori- 
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parous  glands  first  appear  in  the  fifth  month  of  enihryonic  life; 
they  are,  originally,  nothing  but  completely  solid,  somewhat  flash- 
shaped  processes  of  the  mucous  layer  of  the  epidermis,  and  very 
much  resemble  the  first  rudiments  of  the  hair-follicles.  In  the 
earliest  conditions  which  I  have  observed,  the  processes  measured 
in  the  sole  of  the  foot  0-03'"  to  0-09'"  in  length,  o-oi'"  in  breadth 

at    the   neck,  and    o'oiS"'  to 
.     0-02'''  at  the  bottom.    Even  the 
^  longest  did  not  extend  half-way 

cc  ^«^^^^^^»^  through  the  cutis,  which  was 
7  0-25'''   thick.     They  consisted, 

throughout,  of  round  cells,  quite 
resembling  those  of  the  mucous 
layer.  Each  outgrowth  had,  in 
addition,  a  delicate  envelope, 
which  extended  to  the  boundary 
^  line  of  the  inner  surface  of  the 
epidermis.  I  could  find  no  trace 
of  sweat-pores  or  sweat- ducts. 
At  the  commencement  of  the 
J3.  sixth  month  the  glands  of  the 

c  palm  of  the  hand  and  sole  of  the 

foot  extend  to  the  middle  and 
lower  fourth  of  the  cutis;  they 
measure  0-028'"  to  0-04"  at  their 
swollen  end,  0'0i6'"  to  0'02"' 
„.^tiSÄ^5^t£tlSS:^l^,:;^S  where  the  duct  ascends  from 
?iJi5viÄny^-S  the  latter-are  already  slightly 

SSäS^?^ä:SirSi/^ScS=  serpentine,  and  present,  at  least 
"^t^S^"  1^1^  cSf  IfTtr.  in  their  narrower  part,  a  cavity, 

riparous  gland  from  a  foetus  of  eight  months.  witllOUt,     llOWCVCr,  penetrating 

into  the  epidermis,  or  opening  upon  its  outer  surface.  It  was 
not  till  the  seventh  month  that  I  found,  on  the  same  parts  of 
the  body,  and  then  but  very  indistinctly,  the  first  traces  of 
the  sweat-pores  and  sweat-canals  in  the  epidermis,  the  latter 
forming  only  half  a  spiral  turn.  On  the  other  hand,  the  part 
of  the  gland  lodged  in  the  cutis  was  more  considerably  de- 
veloped, reached  as  far  as  the  innermost  part  of  the  latter,  and 
was  curved  like  a  hook,  or  already  somewhat  coiled  up  at  its  bhnd 
extremity,  so  as  to  present  the  first  indication  of  a  glandular  cod 
of  about" 0-04 "to  o-o6"'in  diameter.  The  canal  arising  from  it 
o-enerally  made  several  well-marked  spiral  turns  and  presented  a 
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thickness  of  o-oi5'"  to  0-022"'  and  a  cavity  of  0-003'''  to  0  004'", 
whicli  frequently  extended  even  into  tlie  terminal  coil;  it  con- 
sisted, as  well  as  the  latter,  of  tlie  original  but  now  somewhat 
thickened  membrane,  continuous  with  the  surface  of  the  cutis,  and 
of  an  epithelium  composed  of  several  layers  of  pale,  polygonal  or 
rounded  cells.  In  like  manner  I  observed,  at  this  period,  the 
glands  on  the  rest  of  the  surface  also,  about  which,  in  an  earlier 
stage,  I  can  say  nothing,  and  even  those  of  the  axilla  differed 
in  no  respect  from  the  others.  From  this  period,  onwards, 
the  development  advances  rapidly;  the  extremity  of  the  gland 
becomes  more  and  more  elongated,  rolls  itself  up,  and  soon  acquires 
an  appearance  scarcely  differing  from  that  seen  in  the  adult.  In 
newborn  infants,  the  glandular  coils  in  the  heel  measure  0-06"' 
to  0-07'"  (in  a  child  of  four  months  on  the  heel  o-o6"' to  o'l'"; 
on  the  hand  0-12"')  possess  much  convoluted  ducts  of  0-015'"  to 
0-02'",  and  pass,  with  their  excretory  ducts  (in  tlie  cutis  q-qoS'"  in  the 
rete  Malpighii  0  022'"),  through  the  epidermis,  in  a  spiral  manner. 

From  these  facts  it  results,  that  the  sudoriparous  glands  are 
not  to  be  regarded  as  inversions  of  the  skin ;  and  are  not  from  the 
commencement  developed  as  hollow  structures,  but  first  make  their 
appearance  as  simple  outgrowths  of  the  mucous  layer.  By  the 
continued  process  of  cell-multiplication  the  original  rudiments 
grow  deeper  and  deeper  into  the  skin,  assume  their  peculiar  spiral 
turns,  and  become  differentiated  into  the  glandular  coils  and  the 
sweat-ducts ;  while  at  the  same  time  a  cavity  is  produced,  either  by 
liquefaction  of  the  central  portion,  which  forms,  as  it  were,  the 
first  secretion,  or  by  the  transudation  of  fluid  between  their  cells. 
It  is  doubtful  in  what  manner  the  sweat-ducts  and  sweat-pores  in 
the  epidermis  are  formed ;  probably  it  may  be  by  a  metamorphosis 
in  the  epidermis  itself.  According  to  some  examinations  I  have 
made  {Mikr.  AnatAi.  i,  171),  it  appears  that  a  development  of 
sudoriparous  glands  occurs  also  after  the  fifth  month,  but  that  at 
birth  the  full  number  is  present. 

Little  is  known  about  the  jjathological  conditions  of  the  sudoriparous 
glands.  Kohlrausch  has  found  sudoriparous  glands  of  tolerable  size  (r^  a  hue) 
in  an  ovarian  cyst,  along  with  hairs  and  sebaceous  glands.  In  Elqjhantiasis 
Grcecorum,  G.  8imon  and  Brücke  observed  enlargement  of  the  sudoriparous 
glands,  as  also  v.  Barensiming,  in  a  species  of  wart ;  the  latter  also  saw 
atrophy  of  the  glands  in  corns,  and  disappearance  of  their  ducts  in  the  outer 
layers  of  the  epidermis.  The  conditions  of  the  glands  in  old  age,  in  the 
entire  absence  of  sweat,  and  in  abnormal  sweating,  is  unknown.  In  a  most 
characteristic  case  of  ichthyosis  congenita  in  a  new-born  infant,  which  Prof. 
H.  Müller  and  I  examined,  the  sudoriparous  glands  were  present.  Their 
excretory  ducts,  in  their  course  through  the  epidermis,  which  reached  two 
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lines  in  tliicliness,  partly  presented  the  usual  arrangement,  and  were  partly, 
as  on  the  sole  of  the  foot,  disposed,  almost  quite  horizontally,  in  their  outer 
portions,  some  of  them  running  thus  for  the  space  of  i|  lines,  so  that  m 
horizontal  sections  of  the  epidermis  they  appeared,  at  first  sight,^  as 
entirely  abnormal,  horizontal  canals,  with  a  cavity  0-0015'"  to  o-oos'"  m 
diameter.  The  contents  of  the  sweat-ducts  were  pecuhar,  and  consisted, 
without  exception,  of  numerous  white  fat  globules.  I  also  observed  sweat- 
glands  in  the  case  described  by  Möhr  of  a  large  cavity  in  the  lungs  contammg 
hairs  ;  they  measured  as  much  as  0-24'"  in  diameter,  and  were  seated  in  a  jmn- 
niculus  adiposus,  furnished  with  the  ordinary  fat-cells.  It  may  be  remarked 
that  the  walls  of  the  cavity,  in  addition  to  the  above-mentioned  fatty  layer, 
also  possessed  a  corium  with  papillse  and  an  epidermis,  like  the  external  skin. 

3IetJwd  of  examination.  In  order  to  examine  the  position  of  the  sudo- 
riparous glands  and  their  excretory  ducts,  fine  sections  of  the  fresh  or  slightly 
dried  skin  of  the  palm  of  the  hand  or  sole  of  the  foot  should  be  prepared, 
and  made  transparent  by  adding  acetic  acid  or  caustic  soda.  In  macerated 
portions  of  skin  the  cellular  linings  of  the  sudoriparous  glands,  with  their 
investment  of  connective  tissue,  can  be  pulled  out  from  the  cutis,  along  with 
the  epidermis,  in  the  form  of  long  tubes.  I  have  not  unfrequently  succeeded 
in  so  obtaining  them  in  dehcate  parts  of  skin  after  moistening  with  concen- 
trated acetic  acid.  The  examination  of  the  glandular  coils  is  very  easy  in 
the  glands  of  the  axilla  ;  in  other  places  the  skin  mast  be  dissected  from 
within,  and  the  glands  must  be  sought  for,  partly  on  the  inner  surface  of  the 
cutis,  partly  in  its  meshes,  which  with  some  attention  may  be  easily  done 
with 'success,  especially  on  the  hand,  foot,  and  nipple.  The  large  glands  of 
the  ball  of  the  foot  of  the  dog,  which  Gurlt  described,  are  particularly  well 
adapted  for  demonstration  ;  and  still  more  suitable  are  the  large  glands  of 
the  prepuce  of  the  horse,  and  of  the  skin  of  the  udder  of  the  mare,  which  lie 
quite  loose  in  the  subcutaneous  tissue.  In  order  to  study  the  development 
of  the  glands,  sections  of  the  fresh  or  dried  skin  of  the  heel  and  palm  of  the 
embryo  should  be  made  ;  in  embryos  which  have  been  preserved  in  spirit,  the 
glands  can  still  be  very  well  seen,  if  the  sections  are  fine  ;  this  is  especially 
the  case  immediately  after  the  action  of  caustic  soda. 

Literature.  Breschet  et  Roüssel  De  Vauzeme,  in  Annal.  d.  Scienc.  Nat. 

1834,  pp.  167,  321  ;  Gurlt  in  Müll.  Arch.  1835,  p.  399  ;  Tobien,  De  Glandu- 
larum  Ductih.  effereyit.    Dorp.  1853,  p.  8. 

B.— OF  THE  CERUMINOUS  GLANDS  OF  THE  EAR. 
§  72.  The  ceruminous  glands  of  the  ear  are  simple  glands,  of  a 
brownish  colour,  entirely  resembling  the  sudoriparous  glands  in 
external  aspect,  which  exist  m  the  external  auditory  meatus,  but 
not  in  its  whole  extent,  being  confined  to  its  cartilaginous  portion. 
They  lie  here  between  the  skin  lining  the  passage  and  the  cartilage, 
or  the  fibrous  substance  which  sux)plies  its  place,  in  a  dense,  subcu- 
taneous cellular  tissue,  with  little  fat;  and  form  a  continuous 
yellowish-brown  glandular  layer,  easily  visible  to  the  naked  eye. 
This  layer  is  thickest  in  the  inner  half  of  the  cartilaginous  meatus, 
and  becomes  gradually  thinner  and  looser  towards  the  orifice,  but 
is  quite  equal  in  extent  to  the  cartilaginous  meatus  itself. 
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The  ceruminous  glands  may  each  be  divided  into  the  glandular 
coil  and  the  excretory  duct.  The  former  (fig,  58)  of        to  ^"  to 
in  diameter,  consists  of  several  coils  of  a  single  canal  of  O'Oi^"  to 
0  06'''  on  an  average  0*04'''  to  0-05'"  [i-Q^^^"  to  ^5-th'")  thick,  which 
here  and  there,  but  not  constantly,  presents  small  saccular  protru- 


sions and  terminates  by  a  blind,  slightly 
swollen  extremity.  A  short,  straight, 
excretory  duct  of  0*017'''  to  0-024"'  in 
diameter,  ascends  from  the  coil,  pene- 
trates the  corium  and  epidermis  of  the 
auditory  passage,  and  generally  opens 
separately  by  a  round  pore  of  o"044"'  in 
diameter,  or  terminates  on  the  upper 
part  of  a  hair-follicle. 

In  their  intimate  structure  the  ceru- 
minous glands  are  constituted  as  fol- 
lows: — The  tube  of  the  glandular  coil 
possesses  a  fibrous  coat  and  an  epithe- 
lium, the  former  0*004'"  ^  0'005'"  in 
thickness,  the  latter  0*004 ß" 
brous  coat  presents  exactly  the  same 
characters  as  that  of  the  larger  sudo- 
riparous glands,  i.e.  it  consists  of  an  in- 
ternal layer  of  smooth  muscular  tissue, 
disposed  longitudinally,  of  0  0023'"  to 
o*oo26'"  in  thickness,  and  of  an  exter- 
nal layer  of  connective  tissue  with  scat- 
tered nuclei  and  occasional  very  fine 
transverse  elastic  fibres.  The  epithe- 
lium lies  probably  upon  a  memhrana 
propria,  and  consists  of  a  simple  layer 
of  polygonal  cells  of  o'Oo6"'  to  o'oi'"  in 


Fig.  58. 


Section  through  the  skin  of  the  exter- 
nal auditoiy  meatus,  magnified  twenty 
times,  a.  corium ;  h.  stratum  Malpi- 
ghii ;  c.  horny  layer  of  the  epidermis ; 
d.  coils  of  the  ceruminous  glands ;  e.  ex- 
cretory duct  of  the  same  ;  /.  their  open- 

diameter,  which  contain  yellow-brown  i"^^'  ^-  hair-foiiicies ;   n.  sebaceous 

glands  of  the  auditory  meatus; 
collections  of  fat. 


small 


pigment  granules,  varying  from  im- 
measurable minuteness  to  0*002'"  and  insoluble  in  alkalies  and  acids 
in  the  cold,  or  whitish  fat-drops  measuring  as  high  as  O'ooi'"; 
and,  it  is  to  be  observed,  that  for  considerable  lengths  of  a  gland- 
tube  the  epithelium-cells  contain  only  one  and  the  same  kind  of 
granules ;  so  that  the  glands  appear  either  uniformly  brownish,  or 
of  dark  colour,  but  in  the  latter  case  whitish  by  reflected  light. 
The  contents  of  the  glandular  canals  are  sometimes  a  clear  fluid, 
sometimes  a  granular  substance,  consisting  principally  of  cells. 
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similar  to  those  of  tlie  epitlieliura;  whence  it  would  seem  that 
their  secretion  is  produced  in  the  same  mode  as  that  of  the  sudo- 
riparous glands.  The  excretory  ducts  possess  a  coat  of  connective 
tissue,  and  an  epithelium  of  several  layers,  formed  of  small,  nu- 
cleated cells,  destitute  of  fat  and  pigment  granules.  In  their 
cavity,  which,  however,  is  not  always  distinct,  the  ducts  contain 
sometimes  a  clear  fluid,  sometimes  a  small  quantity  of  a  finely 
granular  substance. 

The  cerumen  is  generally  regarded  as  the  secretion  of  these 
glands,  though  this  is  only  partially  correct.  If  the  wine-yellow 
or  brownish,  more  or  less  consistent,  viscid  substance,  which 
collects  in  the  cartilaginous  meatus,  be  examined,  it  is  found  that 
it  is  composed  of  various  constituents.  Besides  a  few  hairs,  an 
occasional  acarus  folliculoriim,  and  a  variable  number  of  epidermis 
cells,  we  meet  with,  ist.  numerous  cells  of  O'oog'"  to  0*02'"  in 
diameter,  entirely  filled  with  pale  fat,  and  generally  of  an  oblong, 
flat,  irregular  shape,  in  which,  on  the  addition  of  water,  or,  still 
better,  of  caustic  soda,  the  fat  collects  in  separate,  round  or  irre- 
gular, dark  drops ;  2nd.  much  free  fat  in  the  form  of  pale,  yellowish 
small,  rounded  drops,  which,  on  the  addition  of  water,  become 
very  distinct,  although,  at  the  same  time,  decolorized,  and  appear 
as  round,  dark  granules,  from  immeasurable  fineness  up  to  o'OOt!" ^ 
and  more,  in  diameter;  3rd.  yellow,  or  brownish  granules,  and 
aggregations  of  granules,  either  free  or  in  cells,  which,  upon  the 
whole,  are  but  few  in  number;  4th.  finally,  when  the  secretion  is 
more  diffluent,  also  a  small  quantity  of  a  clear  fluid.  I  regard  the 
first-mentioned  cells  as  belonging  to  the  cutaneous  fatty  secretion 
of  the  external  auditory  passage,  and  the  other  matters  as  the  se- 
cretion of  the  ceruminous  glands,  which,  accordingly,  would  appear 
to  secrete  a  fluid  rich  in  fat,  with  a  few  brownish  granules. 

The  vessels  of  the  ceruminous  glands  resemble  those  of  the 
sudoriparous  glands.  In  one  case,  I  also  observed  a  fine  nerve- 
fibre  0*003'"  in  diameter,  in  the  midst  of  a  gland.  The  develop- 
ment takes  place  in  exactly  the  same  manner  as  that  of  the  sudo- 
riparous glands ;  and,  indeed,  from  all  that  I  have  observed  of  them, 
I  am  induced  to  regard  the  ceruminous  glands  as  merely  modifica- 
tions of  the  sudoriparous  glands. 

Nothing  is  known  about  their  pathological  conditions.  Of  the 
cerumen,  we  know  that  it  is  frequently  very  firm,  at  other  times 
fluid,  purulent-like,  and  pale-coloui-ed.  In  the  latter  case,  which 
occurs  in  congestive  states  of  the  auditory  passage,  it  contains 
much  more  fluid  and  free  fat  than  usual,  and  very  beautiful  cells 
containing  fat. 
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C— OF  THE  SEBACEOUS  GLANDS. 
§  73.  These  are  small,  whitish  glands,  which  are  found  over 

almost  tlie  whole  extent  of  the  skin,  and  yield  its  fatty  secretion, 

sebum  mtaneuni.   Their  form  is  very  various.  The  simplest  (fig.59^) 

are  pyriform  or  short  tubtdar  pouches; 

in  others  — iAe  simple  racemose  —  two, 

three,  or  even  more  follicles  or  saccules, 

are  united  by  a  shorter  or  longer  pedicle ; 

in  others,  again  (figs.  59B  and  60),  two, 

three,  or  more  clusters  of  saccules  are 

connected  by  a  common  duct,  and  form 

a  compound  racemose  gland.  Besides 

these  three  forms,  which  represent  only 

the  chief  varieties,  there  are  various  in- 
termediate forms,  which  do  not  require  a 

detailed  description. 

The  sebaceous  glands  principally  occur 

in  parts  covered  with  hair,  and  open  on 

the  surface  in  conjunction  with  the  hair- 

foUicles ;  on  which  account  they  have  also 

been  termed  glands  of  the  hair-follicles. 
In  all  the  coarser  hairs,  the  glands  appear 
as  lateral  appendages  of  the  hair-follicles, 
and  open  into  the  latter  by  narrow  ex- 
cretory ducts  (fig.  59B) .  In  woolly  hairs, 
on  the  other  hand,  the  gland-ducts  and 
the  hair-follicles  are  either  nearly  equally 
large,  and  open  into  a  common  canal, 
which  may,  with  equal  reason,  be  re- 
garded as  a  continuation  of  the  one  or  of 
the  other ;  or  the  glandular  canals  pre- 
ponderate (fig.  60)  and  the  hairs  pass  into 
a  subordinate  relation,  so  that  their  fol- 
licles terminate  in  the  glands,  or  even 
open  at  the  orifice  of  the  glands. 

In  places  destitute  of  hair,  sebaceous 
glands  are  found  only  in  the  labia  mi- 


Sebaceous  glands  from  the  nose, 
magnified  about  50  times.  A.  Sim- 
ple tubular  gland  without  hair. 
B.  Compound  gland,  opening  in  com- 
mon with  a  hair-follicle,  a.  glandular 
epithelium,  conthmous  with  b.  the 
, ,         ,  T  n  '       mucous  layer  of  the  epidermis  i  c.  con- 

nora^  the  gianS  and  prepuce  OI  tiie  penis,  ^gnts  of  the  glands,  sebaceous  and  free 
,     ,  ,  ,  ,11  J   fat  cells ;  d.  tlie  separate  racemes  of 

but   are  not  present    on    tiie    gianS   and.  the  compound  glands ;  e.  hair  folllcle 
,  1        1- L     •         T  ^   i.\  ^  (root-sheath)  with  the  hair/. 

prepuce  oi  the  clitoris.    In  general  tiie 

glands  lie  close  to  the  hair-follicles  in  the  more  superficial  part  of 
the  cutis,  and  are  larger  in  connection  with  small  than  with  large 
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Fig.  60. 


hairs ;  but  they  present  many  individual  differences.  The  glands 
of  the  larger  hair-follicles  are  generally  simple  racemose  glands, 

having  an  average  diameter  of  yV" 
to  and  are  disposed  to  the 

number  of  2  to  5  around  the  fol~ 
licles.  The  smallest,  of  O'l'"  to 
01 6'"  in  diameter,  are  found  in 
pairs,  connected  with  the  hairs  of 
the  scalp;  larger  ones,  of  o'i6'"  to 
o'24  in  the  hairs  of  the  beard  and 
the  longer  hairs  of  the  chest  and 
axilla,  in  which  they  are  generally 
placed  in  groups  around  the  follicles  ; 
the  largest  on  the  mons  veneris,  the 
labia  majora,  and  the  scrotum.  In 
all  these  places,  at  least  in  the  last- 
mentioned,  they  are  situate  at  the 
inferior  boundary  of  the  cutis,  and 
being  connected  in  clusters  of  from 
4  to  8,  form  beautiful  rosettes  of  I, 
i,  to  1"  broad.  The  smaller  se- 
baceous glands,  connected  with  the 
follicles  of  small  stout  hairs,  as  on 
the  eyebrows,  eyelids,  and  entrance 
of  the  nostrils,  are,  as  I  find,  gene- 
^magnffied  ^^^Y  disposcd  in  pairs  of  o'o6"'  to 
o'24'"  in  diameter.  Larger  glands, 
or  collections  of  glands  of  \"'  to  1"'  in  diameter,  are  generally 
found  connected  with  the  downy  hairs  —  the  most  beautiful  upon 
the  nose,  the  ear  {eonclia,  fossa  scaphoidea,  etc.),  penis  (anterior 
half),  and  areola  of  the  nipple  ;  but  particularly  upon  the  part  first 
mentioned,  where  the  glands  often  assume  a  colossal  size  and  very 
singular  forms  (fig.  60).  On  the  caruncula  lacrymalis,  the  glands 
are  generally  of  to  in  diameter;  on  the  lips,  forehead, 
chest,  and  abdomen,  they  are  somewhat  smaller,  yet  generally 
larger  than  those  of  the  hairy  scalp,  the  eyelids,  cheeks,  neck, 
back,  and  extremities.  Of  sebaceous  glands  unconnected  with 
hair-follicles,  only  a  part  of  those  on  the  labia  minora  are  of  con- 
siderable size  (o'lV  to  0'5'"),  rosette-shaped,  and  with  apertures 
of  0*033"'  diameter;  the  others  are  generally  simply  tubular, 
and  at  most  0"i2'"  to  o'i6"'  long,  and  0'04'"  to  o*o6'"  broad.  The 
terminal  saccules  of  the  sebaceous  glands  are  either  round,  pyriform. 


Very  large  gland  from  the  nose,  with 
small  hair-follicle  opening  into  it : 
60  times.    Tlie  letters  a.  to  /.  as  in  fig.  59. 
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or  flask-shaped,  or  even  elongated  and  tubular.  Tlieir  size  varies 
extremely,  from  o-o6"'  to  o-i6"'  in  length,  0-02'"  to  o'l'"  in 
breadth  ;  it  amounts,  on  an  average,  in  the  round  ones,  to  0-04'", 
and  in  the  others  to  0'o8'"  in  length,  and  0-03'"  in  breadth.  Their 
excretory  ducts  are  likewise  of  very  various  dimensions  —  long  or 
short,  wide  or  narrow ;  the  principal  excretory  ducts  measure  in 
the  nose  and  labia  minora  up  to  V"  in  length,  to  in 
breadth,  and  possess  an  epithelium  0-015'''  to  0-03'"  thick. 

The  Meibomian  glands  of  the  eyelids,  whose  description  will  be 
given  with  that  of  the  eye,  resemble  the  sebaceous  glands  in  all 
essential  points,  except  that  they  are  larger. 

§  74.  The  minute  structure  of  the  sebaceous  glands  is  as  follows. 
Every  gland  has  an  outer  delicate  envelope  of  connective  tissue, 
which  proceeds  from  the  hair-follicle,  or  in  the  case  of  independent 
glands,  from  the  corium;  within  are  masses  of  cells,  which  are 
continued  from  the  outer  root-sheath  of  the  hair-follicle,  and 
form  a  lining  of  round-  Fig.  ei . 

ed  or  polygonal,  nu-  j 
cleated  cells,  disposed 
in  several  (2  to  6) 
layers.  In  the  glan- 
dular saccules  them- 
selves, these  cells  ge- 
nerally contain  a  little 
fat,  and  form  a  simple 
layer,  but  gradually 
pass  into  cells  Avhich 
are  so  filled  with  co- 
lourless fat,  that  they 

Tviio-Tif  ViP  fiflv  tprmpd  fat-cells'in  the  interior  of  the  gland-tube  (the  contents  are  rather 
mij^UL   ue  niiy    lchucli   jj^^jjstinctly  represented).   B.  Sebaceous  cells  from  the  gland-tubes. 

Qohnnpmi'i  rplU  ('fip'  and  the  sebaceous  matter,  magnified  350  times,    a.  Smaller  nu- 

beuuveuat,  löolo  yn^.  ^jgg^^g^j  pgjjg^  containing  but  little  fat,  and  possessing  more  the  cha- 

TViA-i-pfn-t-  nn-npav^  pifbpr   racter  of  epithelium  ;  6.  cells  abounding  in  fat,  without  visible  nuclei; 

ineil  Idl  rxppetli&  Cituci       ^^^^^^     ^^^.^^^  ^^^^  fat-particles  are  beginning  to  run  together; 

in  the  form  of   small   'i-  ^ell  with  one  fat-drop;  e.  /.,  cells  whose  fat  has  partly  dis- 
appeared. 

discrete  drops  {b  b),  or, 

as  is  more  common,  in  larger  drops  (c) ;  in  many  cells,  indeed, 
there  are  only  a  few,  or  even  but  one  single  drop  entirely  filling 
them,  so  that  they  ofi'er  a  great  resemblance  to  fat-cells  of  the 
panniculus  adiposus.  If  these  innermost  cells,  in  which  nuclei 
can  be  but  rarely  discovered,  be  followed  towards  the  excretory 
ducts,  nothing  is  easier  than  to  observe  that  similar  cells,  in  unin- 
terrupted succession,  are  continued  into  the  ducts  —  that  is,  into 


A.  A  glandular  vesicle  of  an  ordinary  sebaceous  gland,  magnified 
250  times,  a.  Epithelium  sharply  defined,  but  without  being  in- 
vested by  a  membrana  propria,  and  passing  continuously  into  the 
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the  excretory  canals  lined  with  epithelium  —  then  enter  the  hair- 
follicle^  where  they  occupy  the  space  betw^een  the  hair  and  epi- 
dermis of  the  hair-follicle^  and  are,  finally,  discharged  externally. 
These  cells  alone  form  the  sebaceous  matter  of  the  skin.  This  is, 
at  the  temperature  of  the  living  body,  a  semi-fluid  substance,  but 
in  the  dead  subject,  has  more  of  a  cheesy  consistence;  by  the 
addition  of  dilute  alkalies,  it  can  be  easily  shown  to  consist  of  cells. 
Besides  the  sebaceous  cells,  the  sebaceous  matter  of  the  skin  also 
contains  free  fat. 

According  to  the  above  remarks,  the  sebaceous  matter  of  the 
skin  is  a  secretion,  which  may  be  said  to  consist  solely  of  distinct 
particles,  namely,  cells  containing  fat,  or  such  cells  intermixed 
with  fat-drops.  These  cells  are  developed  in  the  vesicular  extre- 
mities of  the  glands  by  a  process  of  cell-formation,  depending 
entirely,  as  in  epidermic  structures  generally,  on  pre-existing  cells, 
and  without  free  cell-formation,  of  which  in  this  case  there  is  not 
the  slightest  evidence.  The  free  fat  in  the  sebaceous  matter  of  the 
skin  arises  from  the  bursting  of  the  sebaceous  cells,  and  perhaps, 
also,  by  transudation  through  the  cell- wall.  So  considered,  the  for- 
mation of  the  sebaceous  matter  of  the  skin  resembles,  in  many  re- 
spects, the  production  of  the  epidermis.  The  young  and  readily 
soluble  ceils  at  the  bottom  of  the  glandular  vesicles  may  be  com- 
pared to  the  Malpighian  cells  of  the  epidermis,  and  the  less  soluble 
ones,  filled  with  fat,  to  the  horny  plates.  This  comparison  will  ap- 
pear the  more  apt,  when  it  is  remembered,  i.  that  the  deep  layer  of 
the  epidermis  of  the  hair-follicle  is  continued  uninterruptedly  into 
the  gland-ducts  and  the  outermost  cells  of  the  terminal  vesicles ;  and 
2.  that  the  epidermis  also  forms  in  some  places  a  secretion,  by  con- 
tinual detachment  of  its  cells  (I  refer  to  the  smegma  proBputii 
penis  et  clitoridis),  and  also  yields  substances  which,  to  all  appear- 
ance, are  chemically  allied  to  sebaceous  matter. 

I  have  not  observed  nerves  on  the  sebaceous  glands ;  but  fine 
vessels,  and  even  capillaines,  are  found  around  the  larger  glands, 
especially  those  of  the  penis  and  scrotum,  and  ear.  I  may  again 
refer  to  the  smooth  muscles,  described  when  speaking  of  the 
corium  as  situate  in  the  neighbourhood  of  the  sebaceous  glands, 
whose  contraction  can  scarcely  be  unconcerned  in  the  evacuation 
of  the  secretion. 

§  75.  Development. — The  formation  of  the  sebaceous  glands 
takes  place  at  the  end  of  the  fourth  and  in  the  fifth  month,  and 
is  most  intimately  connected  with  the  development  of  the  hair- 
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follicles,  inasmucli  as  they  appear  contemporaneously  with  the 
commencing  hairs,  or,  a  short  time  after,  as  outgroivths  of  the  outer 
root  sheath  (fig.  52).  These  are,  at  first,  from  0-02'"  to  0-03"'  in  dia- 
meter, and  from  o-oi'''  to  o-oi6'''  in  thickness,  but  soon  become 
larger  and  pyriform,  or  flask-shaped.  Fat  is  then  developed  in  the 
inner  cells,  till  at  last  the  fat-cells  extend  as  far  as  the  canal  of  the 
hair-follicle.  The  gland  and  its  contents  are  now  formed,  and  a 
multiplication  of  the  cells  at  the  bottom  of  the  gland,  or  in  the 
gland-vesicle,  is  all  that  is  requisite  to  push  the  sebaceous  cells  of 
the  duct  into  the  hair-follicle,  and  fully  establish  the  secretion. 
Accordingly,  the  sebaceous,  like  the  sudoriparous  glands,  are,  at 
first,  solid  outgrowths  of  the  Malpighian  layer  of  the  skin,  which 
subsequently  acquire  external  orifices,  and  the  first  sebaceous 
matter  of  the  skin  is  formed  by  a  metamorphosis  of  the  inner  cells 
of  the  glandular  radiments ;  whilst  the  space  which  these  cells 
occupy  becomes  the  cavity  of  the  gland,  which,  however,  never 
appears  hollow,  but  is  kept  filled  by  the  continual  advance  of  the 
growing  cells. 

The  above-described  development  of  the  sebaceous  follicles  takes 
place  rather  rapidly.  In  the  fifth  month,  the  secretion  commences 
in  many  places  j  and  in  the  sixth,  it  is  everywhere  fully  established. 
It  is  further  to  be  remarked,  that  besides  the  original  glands, 
which  are  attached  singly  or  in  pairs  to  a  hair-follicle,  in  the  sixth 
month  neiü  rudiments  arise,  which  generally  have  a  deeper  position ; 
and  after  going  through  the  above-described  process  of  develop- 
ment, assume  the  form  of  secreting  glands. 

In  the  further  development  of  the  sebaceous  glands,  the  origin- 
ally simple  gland-tube  puts  forth  Fig.62. 
solid  buds  by  the  growth  of  its  ex- 
ternal fatless  cells,  which  buds  are 
gradually  transformed  into  glandular 
vesicles  in  exactly  the  same  manner 
as  the  first  rudiments.    By  repeated 


budding  of  the  primitive  or  secon-  \  -"''^ 

dary  glandular  vesicles,  the  larger  ( 
clusters  are  formed,  and  from  these, 

finally,  the  most  complex  that  ap-  p 
pear.'  In  the  fffitus  of  the  seventh 

month,  the  majority  of  the  glands  '  ' 

are  still  simple  pedunculated  tubes  J^rfnUfS^^^ 

of  o-or  to  o-o6-  in  length,  and  -Stt^Ä™ 

0  02'''  to  0-03'''  in  breadth,  which  nified  250  times. 
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are  placed  singly  or  in  pairs  on  the  hair-follicles.  In  the  new-born 
infant,  simple  clusters,  of  o-i'''  to  0-12'''  in  length,  and  only  0*04'' 
to  0*06'''  in  breadth,  and  disposed  singly,  or  more  rarely  in  pairs, 
upon  the  follicle,  are  found  in  place  of  the  simple  tubes.  It  is 
only  on  the  chest,  ear,  temples,  nose,  nipple,  the  labia  majora,  and 
the  scrotum,  that  they  are  rosette-shaped;  they  here  measure 
0*1'''  in  diameter,  and,  in  the  four  last-mentioned  places,  even  up 
to  o'/\^"  and  more.  From  these  statements,  it  appears  that  most 
of  the  glands  continue  to  increase  after  birth ;  certain  glands  are 
only  developed  after  birth,  as,  for  example,  those  of  the  labia 
minora. 

The  sebaceous  glands  occur  also  in  abnormal  positions.  Thus  Kohlrausch 
observed  them  in  an  ovarian  cyst,  and  v.  B'drensprimg  in  a  subcutaneous  en- 
cysted tumour  of  the  forehead  ;  and  in  both  places  they  were  associated  with 
hair-follicles  ;  whence  it  may  be  concluded,  that  they  are,  perhaps,  often 
present  in  cysts  which  contain  hairs.  In  fact,  I  met  with  very  beautiful 
sebaceous  glands,  with  much  sebaceous  matter  in  the  walls  of  the  before- 
mentioned  hair-containing  cyst  in  the  lungs.  V.  B'drensprtmg  believes  he 
has  seen,  though  rarely,  a  new  formation  of  the  sebaceous  glands  in  cicatrices 
of  several  years'  standing.  When  the  hairs  fall  out,  the  sebaceous  glands 
seem  to  disajjpear  ;  at  least,  I  have  frequently  noticed  that  they  were  wanting 
in  bald  spots.  According  to  E.  H.  Webfr,  hypertrophy  of  the  sebaceous 
glands  takes  place  in  cancer  of  the  skin  ;  according  to  v.  Bärensprung,  in 
ahrothymion,  or  moist  warts,  and  in  ncevus  pilosus.  The  comedones,  also, 
among  which  I  rank  the  lichen  pilaris,  at  least,  as  defined  by  Simon,  are  hair- 
follicles  and  sebaceous  glands,  filled  with  and  dilated  by  sebaceous  matter. 
They  especially  occur  in  places  where  the  glands  are  distinguished  for  their 
size,  as  on  the  nose,  lips,  chin,  ear,  areola  of  the  nipple,  and  the  scrotum, 
and  arise  either  from  obstruction  of  the  openings  of  the  hair-follicles  by 
sordes,  or  from  viscidity  and  tenacity  of  the  secretion.  They  contain  — 
besides  one  or  several  hairs,  which,  however,  may  also  be  absent — fat-cells,  as 
in  the  normal  sebaceous  matter,  epidermis-cells  from  the  hair-follicles,  free 
fat,  frequently  crystals  of  Cholesterine  and  the  acarus  folliculorum. 

Milium.  The  small  white  spots  or  nodules  termed  milium,  found  on  the 
eyelids,  the  root  of  the  nose,  the  scrotum  and  ear,  are  likewise  formed,  as  v. 
Bdrensprung  justly  assumes,  from  the  sebaceous  glands  ;  that  is,  when  the 
latter  alone,  without  the  hair-follicles,  dilate,  whence  rounded  prominent  nodules, 
without  any  aperture,  are  produced,  with  contents  resembling  those  of  the  come- 
dones, which  may  frequently  be  pressed  out  through  the  hair-follicles.  Lastly, 
the  sebaceous  cysts,  which  have  their  seat  in  the  cutis  itself,  must  undoubtedly 
be  regarded  as  enormously  enlarged  hair-follicles,  with  the  sebaceous  glands. 
For  particulars  concerning  these,  we  refer  the  reader  to  the  works  already 
cited  ;  also,  with  regard  to  a  small  parasite,  the  acarus  folliculorum,  which 
inhabits  both  healthy  and  enlarged  hair-follicles  and  sebaceous  glands,  G. 
Simon  (1.  c,  p.  287)  may  be  consulted.  In  the  before-mentioned  case  of 
ichthyosis  congenita,  Br.  H.  Müller  and  I  found  the  excretory  ducts  of  the 
sebaceous  follicles  in  the  epidermis  everywhere  enlarged,  of  o'oi'"  to  o-o6"' 
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in  diameter,  with  saccular  dilatations  of  0-04'"  to  o-iz"  in  diameter,  which 
were  often  arranged  in  groups  behind  each  other,  and  wholly  filled  with  se- 
baceous matter.  Occasionally  a  small  hair  lay  in  such  a  duct,  so  that  the 
latter  appeared  at  the  same  time  as  a  hair-follicle. 

Ifi  investigating  tlie  sebaceous  glands,  they  may  be  dissected  either  from 
within  and  separated  with  their  hair-follicles  from  the  skin,  or  perpendicular 
sections  of  the  skin  may  be  made,  which,  however,  should  not  be  too  fine. 
The  minute  structure  of  the  glands  having  been  studied  in  those  of  the 
scrotum,  2Jenis,  or  laHa  minora,  which  can  be  isolated  without  trouble,  and 
are,  therefore,  the  best  to  begin  with,  —  especially  with  the  aid  of  acetic  acid, 
which  renders  the  surrounding  parts  transparent— the  investigation  of  those 
of  other  parts,  which  concerns  chiefly  their  form,  size,  and  position,  will  be 
most  facilitated  by  the  use  of  alkalies,  especially  caustic  soda,  which  readily 
clear  up  the  tissues  that  obstruct  the  view  of  the  glands  ;  whilst  the  latter, 
in  consequence  of  their  fatty  contents,  are  but  little  affected.  Should  it  be 
desired  to  study  not  so  much  the  coverings  as  the  cells  of  the  glands,  and,  at 
the  same  time,  to  obtain  a  general  view  of  their  form,  there  is  no  better  plan 
than  to  macerate  the  skin,  after  which  the  hairs  with  their  root-sheaths,  and 
the  cell-masses  of  the  sebaceous  glands,  epithelium,  and  contents,  may  be 
often  stripped  off  in  toto  with  the  epidermis.  The  same  end  may  be  attained 
more  speedily  where  the  epidermis  is  thin  (scrotum,  laUa  7najora,glans  penis), 
by  dropping  concentrated  acetic  acid  upon  it,  or  by  means  of  soda,  although 
more  of  the  cells  of  the  glands  are  destroyed  in  this  way.  The  maceration 
of  the  foetal  skin,  and  the  rendering  it  transparent  by  acetic  acid,  are  of  great 
use  in  studying  its  development.  The  fat-cells  in  the  interior  of  the  glands 
are  quite  easily  isolated  by  teasing  out  a  good-sized  gland.  The  excreted 
secretion  may  be  examined  both  by  itself,  and  v/ith  the  addition  of  water  and 
caustic  soda. 

Literature— See  the  treatises  cited  under  the  section  on  the  skin  ;  of 
GuRLT  (p.  409),  Krause  (p.  126),  G.  Simon  (p.  9),  Valentin  (p.  758).  Also  the 
general  histological  works  by  Todd  and  Bowman  (p.  424,  fig.  92),  Sharpey, 
Hassal  (pl.liv.  should  be  pi.  liii.,  p.  401),  Gerber  (p.  75,  figs.  40,  42,  43,  44,  45, 
239),  the  drawings  by  Wagner  llcon.  Pliys.,  tab.  xvi.  fig.  n,  e.),  Arnold 
{Icon.  Afiatom.  Fasc,  ii.  tab.xi.  fig.  10),  and  Berres  (tab.  xxiv.),  in  addition, 
G.  Simon,  in  Müll.  Arch.,  1844,  p.  i. 

Ov  THE  Muscular  System. 

§  76.  To  the  muscular  system  belong  all  the  transversely-striped 
muscles,  which,  together  with  their  accessory  organs,  the  tendons 
and  fascise,  serve  for  the  movement  of  the  skeleton,  the  proper 
organs  of  the  senses  and  the  skin.  They  are  situate  between  the 
skin  and  the  bones,  and  between  the  bones  themselves ;  and  are  so 
associated  and  connected  by  common  investments,  that  the  whole 
may  be  rightly  regarded  as  constituting  one  system. 

§  77.  The  proper  elements  of  the  muscles  in  question,  still 
perceptible  to  the  naked  eye,  —  the  transversely-striped  (animal  or 


142 


MUSCULAR  SYSTEM. 


[sect.  77. 


voluntary)  muscular  fibres,  or  primitive  bundles   (fig.  25)  —  are 


Fig.  63. 


especially  distinguisbed  by  their  tliickiiess  and 
the  definite  character  of  their  component  parts 
from  the  most  of  the  transversely-striped  mus- 
cular fibres  occurring  in  other  situations.  With 
respect  to  the  latter  distinction ;  the  sheath  of 
the  primitive  bundles,  or  the  sarcolemma^  is  to 
be  recognised  with  facility  in  all  bundles 
without  exception^  particularly  after  the  addi- 
tion of  water^  acetic  acid^  and  alkalies,  and 
also  by  maceration  in  diluted  hydrochloric  acid 
[Bonders,  Lehmann) ,  as  a  w  holly  structureless, 
transparent,  elastic,  smooth  investment,  which, 
in  man,  as  well  as  in  mammalia,  is  distin- 
guished by  its  delicacy  from  the  same  part  in 
the  lower  vertebrate  animals,  especially  the 
naked  amphibia. 

The  muscular  fibrils,  or  primitive  fi  b  rill 
which  are  closely  invested  by  the  sarcolemma, 
may  be  isolated  in  muscles  which  have  been 
macerated,  or  boiled,  or  preserved  in  alcohol 
They  are  generally  varicose,  —  i.  e.,  marked  at 
intervals  of  0-0004'"  to  O'ooi'",  with 
smaller  or  larger  swellings ;  and,  as 
their  thicker  and  thinner  places  cor- 
respond in  position  throughout  the 
whole  thickness  of  the  fibre,  the 
latter,  for  the  most  part,  presents  an 
elegant  transversely-striated  aspect; 
bnt,  here  and  there,  also  a  few  fine 
longitudinal  striae;  more  rarely,  from 
the  varicosities  being  faintly  or  not 
at  all  expressed,  the  fibre  may  ex- 
liibit  only  a  longitudinal  striation. 
In  the  adult,  the  fibrillse  do  not  sur- 
round a  central  cavity  or  canal,  but 
form  (fig.  64),  with  the  scanty  inter- 
mediate connecting  substance,  perfectly  compact  fasciculi.  On  the 
inner  surface  of  the  sarcolemma,  numerous  lenticular,  or  spindle- 
shaped  nuclei,  are  constantly  found,  of  0-003'"  to  0-005'"  in  length, 
and  frequently  furnished  with  nucleoli.  These  nuclei  are  not  dis- 
posed with  any  regularity :  sometimes  two  or  more  at  one  level,  or 


Primitive  fibrils  from  a 
fibre,  or  primitive  fasciculus, 
of  the  Axolotl  {Siredon  pis- 
ciformis); 600  times  magni- 
fied, rt.  a  small  bundle;  b. 
an  isolated  fibril. 

or  chromic  acid. 

Fig.  64. 


A  transverse  section  of  some  fibres  from 
the  gastrocnemius  of  a  man,  350  times 
magnified,  a.  sarcolemma  and  interstitial 
connective  tissue;  h.  section  of  the  fibre 
itself,  showing  many  fatty  granules  im- 
bedded in  the  interstices  between  the 
fibrils. 
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in  rows,  or  alternately  one  behind  the  other.  Besides,  very  minute 
and  pale  granules  (the  interstitial  granules  as  I  have  called  them) 
are  always  met  with  around  the  nuclei  and  between  the  fibnllie,  ni 
regular  rows,  which,  in  abnormal  muscular  fibres,  are  transformed 
into  the  well-known  fat  and  pigment  globules  (fig.  64) . 

The  form  of  the  muscular  fibres  is  rounded-polygonal.  In 
diameter  they  vary  from  0-005'"  to  0-03"',  and  more.  In  the  trunk 
and  extremities,  they  are,  without  exception,  thicker  (o-oi6  to 
o-oV")  than  on  the  head,  in  which  situation  the  muscles,  especially 
those  of  the  face,  are  distinguished  by  the  smallness  of  then- 
fibres  (0-005'"  to  0-016"').  It  is  to  be  observed,  however,  that  great 
differences  often  prevail,  in  this  respect,  in  one  and  the  same 
muscle.  As  far  as  is  known,  there  is  no  absolute  difference  ni  the 
thickness  of  the  muscular  fibres  in  men  and  women,  or  m  weak 
and  robust  individuals.  On  the  other  hand,  it  is  possible  that  m 
one  case  the  one  extreme,  and  in  another  the  other,  may  prevail. 
The  thickness  of  the  primitive  fibrils  in  man  amounts,  on  an 
average,  to  0-0005'":  their  number  in  a  fibre  must,  in  the  t  ncker 
ones,  amount  to  several  hundreds,  but  it  is  not  known  with  cer- 
tainty. 

Various  controversial  opinions  still  prevail,  as  regards  the  composition  of 
the  muscular  fibres.  Several  authors,  above  all^  Bo,,m«n,  are  of  "F;"""- 
at  least  consider  it  as  probable,  that  the  fibnls  are  artificial  p.oducts 
According  to  the  la^t-named  author,  a  breaking  up  of  the  muscu  ar  fi  les 
into  discs  {bg.  65)  is  quite  as  natural,  although  not  quite  so  frequent,  as  that 
into  fibrils  and  they  may  with  equal  justice  be  held  to  be  columns  of  d.sos  a 
bundles  of  fibrils.  Were  a  muscular  fibre  broken  up  in  the  direction  of  both 
the  transverse  and  longitudinal  strite,  small,  roundish-angular  particles  would 
be  produced,  which  n.ight  be  designated  primitive  particles,  ov  sareons 
elements.  In  the  muscular  fibre,  these  elementary  particles  are  united  in  the 
transverse,  as  well  as  the  longitudinal  direction,  and  form,  in  the  one  case  a 
d  so,  in  th;  other,  a  section  or  joint  of  the  fibrilto.  The  breaking  up  mto 
discs  could,  in  my  opinion,  be  considered  of  importance  only  if  rt  occurred 
as  frequen(!lyas  that  into  fibrils  and  also  took  place  occasionally  m  fiesh 
muscles.  But  nothing  of  the  sort  is  to  be  seen  in  the  fresh  muscles  of  man 
and  the  higher  animals.  It  is  rare,  even,  in  macerated  fasciculi  ;  while,  on 
the  other  hand,  the  fibrils  can  be  isolated  in  almost  every  muscle,  by  any  one 
moderatelv  conversant  with  the  matter.  ,    „  , 

In  tranLrse  section,  of  fresh-dried  or  fresh  vmsclcs  oj  the  frog  the  tran.s- 
verse  sections  of  the  fibrillte  can  be  distinctly  seen,  which  fact  refutes  all 
those  opinions  according  to  which  the  muscular  fibres,  during  life,  consist  of 
a  homogeneous,  solid  or  fluid  substance.  IMoreover,  it  may  be  remarked,  tha 
the  assumed  elementary  particles  can  only  be  isolated  with  diftioulty,  except 
in  macerated  muscles,  where  their  separation  is  undoubtedly  easy  ;  and  also, 
that  in  the  perfectly  fresh  muscles  of  certain  insects  {coUoftera,  nenroptera, 
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Fig.  65. 


hymenoptera,  lepidoptera,  diptera,  orthoptera  in  part,  hemiptera  in  part),  the 
individual  J' fibrils  can  be  very  beautifully  separated.  Considering  the  great 
similarity  between  the  muscles  of  insects  and  those  of 
the  higher  animals,  in  all  other  essential  points,  the 
above  fact  appears  to  me  to  be  very  striking.  I  am,  there- 
fore, for  this  and  the  other  reasons  assigned,  fully  con- 
vinced of  the  existence  of  fibrils  during  life,  and  believe 
that,  in  man  and  many  animals  where  they  cannot  be  so 
easily  isolated,  they  are  held  together  by  an  intermediate 
substance,  and,  in  fact,  so  firmly,  that,  under  certain 
circumstances,  fissures  may  take  place  across  the  fibres, 
i.e.,  in  the  direction  of  the  thinner  parts  of  the  fibrils. 

I  consider  the  sarcous  elements  as  artificial  products, 
occasioned  by  the  breaking  up  of  the  fibrils  at  the  parts 
where  they  are  thinner,  which  naturally  takes  place  much 
easier  there  than  elsewhere.  I  refrain  from  giving  an 
opinion  as  to  the  nature  of  these  particles,  as  I  hold  that 
our  microscopes  do  not  afford  adequate  data  for  forming  a 
sure  judgment  respecting  elements  of  such  fineness. 


A.  a  muscular  fibre, 
or  primitive  fascicu- 
lus, breaking  up  in 
the  transverse  direc- 
tion, into  discs,  350 
times  magnified.  It 
exhibits  distinct  trans- 
verse and  fainter  lon- 
gitudinal strije.  The 
discs,  of  which  B.  re- 
presents one  more 
magnified,  are  granu- 
lated,  and  consist  of 
the  sarcous  elements 
of  Bowman,  or,  ac- 
cording to  other  au- 
thors, of  small  pieces 
of  the  fibrils.  After 
Bowman. 


§  78.  The  muscular  fibres,  in  the  trunk  and 
extremities,  are  generally  so  connected,  that, 
without  dividing  and  reticularly  uniting,  but  ter- 
minating not  unfrequently  here  and  there  in  the 
interior  of  the  muscles  with  pointed  extremities 
(Rollet),  they  lie  parallel  to  each  other  in  pris- 
matic bundles,  extending  the  whole  length  of  the 
muscle.  Each  of  these  so-called  secondary  fasciculi 
is  enclosed  by  a  special  investment  of  connective 
tissue.  Several  of  these  are  united  by  stronger  investments,  to 
form  tertiary  fasciculi;  while,  finally,  a  greater  or  smaller  number 

of  these  last  combine  to  form  the 
bellies  of  the  muscles  and  muscles 
themselves. 

The  muscular  fasciculi  may  be  so 
arranged  as  to  give  rise  to  mem- 
braniform  muscles,  which  are  ex- 
tended in  the  superficial  dimension ; 
or  they  may  form  the  oblong  or 
fascicular  muscles,  in  which  they 
are  collected  into  thicker  masses. 
Accordingly,  the  muscles  are  aggre- 

Transverse  section  from  the  sterno-mas-      gatioUS  of  many  larger  and  Smaller 

'^^r^^'^S^^^t^  secondary  ^n^tertiaryhuTid\^^,^\^o^e 

primitive  and  secondary  fasciculi. 
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sheaths  form  a  connected  system,  the  perimysium,  of  which  the 
part  externally  surrounding  the  entire  muscle  is  distinguished 
as  perimysium  exter7iu7n,  or  the  muscular  sheath,  strictly  so 
called,  from  the  portion  immediately  inclosing  the  larger  and 
smaller  bundles,  and  the  muscular  fibres — the  perimysium  in- 
ternum. The  thickness  of  the  secondary  muscular  bundles  varies 
from  to  ¥'}  t^^*  of  tertiary,  and  still  larger  bundles, 
which  are  most  obvious  in  muscles  of  apparently  coarse  texture 
(glutceus  maximus,  deltoideus),  is  so  variable,  and  the  division  of 
these  larger  constituents  of  a  muscle  so  arbitrary,  that  there  is 
nothing  specially  to  be  said  concerning  them.  The  perimysium 
consists  of  ordinary  connective  tissue,  and  fine  elastic  fibres.  In  all 
muscles,  especially  in  those  of  lax  structure,  fat-cells  often  occur 
in  large  numbers  in  the  perimysium. 

§  79.  Connection  of  the  Muscles  with  other  parts. — The  muscular 
fibres  are  connected  with  the  moveable  structures,  the  bones, 
cartilages,  articular  capsules,  the  skin,  etc.,  either  immediately  or 
by  the  interposition  of  fibrous  parts,  such  as  tendons,  aponeuroses, 
certain  portions  of  muscular  fascise  and  ligaments.  Those  muscles, 
which  are  entirely,  or  only  at  one  extremity  attached  without  the 
intervention  of  tendons,  constitute,  upon  the  whole,  the  minority. 
Where  muscular  fibres  arise  immediately  from  bone  [ohliqui,  iliacus, 
psoas,  glutcei,  etc.)  or  from  cartilage  (transversus  abdominis,  dia- 
phragma),  or  are  immediately  inserted  into  these  parts  [serrati, 
omo-hyoideus,  sterno-hyoideus,  muscles  of  the  ear),  they  proceed 
only  as  far  as  the  periosteum  or  perichondrium,  and  terminate  with 
blunt  extremities  upon  these  membranes,  into  whose  fibres  they 
are  not  continued,  nor  do  they  come  into  immediate  contact  with 
the  bones  and  cartilages.  When  muscles  extend  to  the  skin, 
they  either  lie  flat  underneath  it  without  any  direct  connection,  or 
spread  out  in  its  substance  in  form  of  larger  and  smaller  bundles 
(muscles  of  the  face),  and  appear  to  be  attached  to  its  bundles  of 
connective  tissue ;  as  has  been  observed  in  the  levator  labii  supe- 
rioris  of  the  rat,  by  Busk  and  Huxley. 

§  80.  The  tendo7is  are  glistening,  white,  or  yellowish  structures, 
almost  entirely  composed  of  connective  tissue.  They  are  divided, 
according  to  their  form,  into  the  funicular,  or  proper  tendons,  and 
the  membranous  aponeuroses  (ce7itrum  tendineum,  galea  cranii, 
tendons  of  the  abdominal  muscles,  latissimus,  cucullaris,  etc.). 
These  two  forms — not  strictly  separated  by  external  characters — 
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agree  m  all  essential  points  of  intimate  structure.    They  consist  of 
connective  tissue,  wMch  is  cliaracterised  by  the  parallel  course  and 
firm  union  of  its  elements,  and  its  poverty  in  elastic  fibres.  The 
elements  of  the  connective  tissue,  the  fibrils,  can  be  easily  seen  m 
fresh  tendons,  as  well  as  in  transverse  sections  of  dried  specimens, 
where,  as  in  other  parts  of  the  body,  they  are  very  fine.    In  funi- 
cular tendons,  they  have  a  beautiful  undulating  course,  parallel  to 
the  long  axis  of  the  tendon ;  and,  in  the  fresh  condition,  cohere 
so  firmly,  that  the  primitive  bundles  are  with  difficulty  demon- 
strated.   But  such  fasciculi,  o-oo6"'  to  o-oo8"'  broad,  and  of 
rounded  polygonal  form,  do  actually  exist,  as  may  be  seen  m 
transverse  sections  of  dried  tendons,  particularly  after  the  addition 
of  alkalies.    In  the  natural  condition,  they  are  so  intimately 
united  with  each  other,  that  they  cannot  be  isolated.    On  the 
other  hand,  secondary  and  tertiary  bundles  are  very  distinct  even 
in  fresh  tendons.    Thin  partitions  of  loose  connective  tissue  ex- 
tend through  the  tendinous  tissue,  and,  being  all  connected  with 
each  other  into  a  continuous  system  of  parallel  tubes,  separate 
the  tendinous  fasciculi  into  numerous  larger  and  smaller  groups. 
Secondary  bundles,  mostly  of  a  polygonal,  but  also  of  a  rounded 
or  elongated  form,  and  of  0-03 "  to  0-05"'  in  diameter,  may  be 
very  clearly  distinguished;  also  tertiary  bundles  with  polygonal 
contours  of  O'l"'  to  0-5'"  and  more  in  thickness,  and  bounded  by 
somewhat  thicker  partitions.    For  the  most  part,  also,  there  are 
still  larger  divisions,  which  are  composed  of  numerous  tertiary 
bundles,  and  which,  firmly  connected  in  very  various  numbers  and 
groups,  and  surrounded  by  a  common  envelope  of  lax  connective 
tissue,  constitute  the  tendons  themselves. 

The  aponeuroses  have  either  the  same  composition  as  the  proper 
tendons,  and  consist  of  several  layers  of  parallel  secondary  bundles, 
disposed  in  the  same  plane,  or  they  more  resemble  the  fibrous 
membranes,  and  exhibit  primary  and  secondary  bundles  decussating 
in  two  or  more  directions  (abdominal  muscles,  diaphragm). 

In  the  secondary  bundles  of  all  tendons,  there  are  fine  elastic 
fibres  in  various  stages  of  development;  sometimes  as  rows  of 
narrow,  spindle-shaped  cells,  connected  by  slender  prolongations ; 
sometimes  as  fully -developed  fibres  of  uniform  breadth,  or  as  iso- 
lated fusiform  cells.  The  arrangement  of  these  elements  is  every- 
where the  same ;  they  run  at  regular  distances  parallel  to  and 
between  the  tendinous  fasciculi ;  so  that  in  transverse  sections  of 
the  tendons  the  dark  ends  of  the  elastic  fibres  are  seen  distributed 
over  the  whole  area,  at  distances  of  O'oo;'''  to  o-oo8"'.  Besides 
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these  stronger  elastic  fibres,  wliicli  measure  from  0-0005'"  0  001" 
in  diameter,  there  are  in  most,  perhaps  in  all  tendons,  other  very 
fine  fibrils  of  o'oooz'"  and  o'0004'" 
in  diameter,  which  connect  the 
former  in  various  ways ;  so  that,  in 
every  tendon,  a  real  network  of 
elastic  tissue  penetrates  and  entwines 
the  bundles  of  connective  tissue. 
In  transverse  sections,  these  fibrils 
may  also  be  distinguished  as  fine 
dark  points,  or  as  fine  lines  radiating 
from  larger  spots  (fig.  67);  they  are 
still  more  distinct  in  longitudinal 
sections,  in  which  the  fibrous  system 

Fig.  68. 


■ 


T  endon  of  the  human  tibiahs  posticus,  mag 
nifiod  60  tunes,  a.  Secondary  bundles:  b. 
larger  elastic  fibres :  c.  interstitial  connective 
tissue,  llie  iniuute  dark  points  represent 
the  finest  elastic  fibres. 
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in  question  can  ge- 
nerally be  very  well 
perceived.  Such  sec- 
tions show,  also,  that  wherever  the  formative  cells 
of  the  fibres  still  possess  a  certain  degree  of  inde- 
pendence, beautiful  elongated  nuclei  exist  in  them. 
Besides  these  elastic  fibres,  the  tendons  contain, 
in  certain  places,  cartilage-cells  (see  below) ;  also 
ordinary  fat-cells,  especially  in  the  less  compact 
tendons,  as  in  the  tendinous  stripes  of  the  inter- 
costal muscles,  triangularis  sterni,  masseter,  etc. 

The  transversely-banded  appearance  of  the  ten- 
dons, which  occasions  their  glistening  aspect,  de- 
pends simply  upon  undulating  flexures  of  their 
fibrils,  which  run  parallel  to  each  other  through 
the  whole  bundle.  This  appearance  vanishes, 
when  they  are  strongly  stretched,  and  is  only  the 
expression  of  their  inherent  elasticity  which  pre- 
sents itself  in  the  relaxed  condition. 


§  81.  Connections  of  the  Tendons  ivith  other 
parts. —  The  tendons  are  connected,  on  the  one 
hand,  with  the  muscles,  and,  on  the  other,  with 
the  various  parts  moved  by  the  latter.  Even  with 
the  naked  eye,  it  may  be  seen  that  in  the  former 
connection,  either  the  tendon  and  muscle  are  con- 
tinued into  each  other  rectilinearly,  without  any 
distinct  line  of  demarcation  (fig.  68),  or  the  muscular  fibres,  with 
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a.  A  Muscular  fibre 
from  a  human  inter- 
costalis  internus,  pass- 
ing continuously  into 
a  tendinous  bundle  b. ; 
magnified  350  times. 
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rouBded  extremities,  and  closed  sarcolcmma,  abut  on  tlic  borders 
and  surfaces  of  tlie  tendons  and  aponeuroses  at  an  acute  angle, 
as  seen  in  penniform  muscles.    In  tbis  case  tbe  extrem.t.es 
of  tbe  fibres  dip  into  small  depressions  on  the  surface  ot  the 
tendon,  >vbilst  tbe  connective  tissue  between  them  (i'«;".".'/«'"'" 
interm^m)  passes  continuously  into  tbat  of  tbe  tendons     Uns  latter 
arrangement  is  found  wberever  muscular  fibres  and  tendons  meet 
at  an  oblique  angle,  consequently  in  all  tbe  penniform  and  seim- 
penniform  muscles,  in  those  .vbose  tendons  of  attacbmcnt  com- 
mence in  a  membranous  form  {soleus,  gastrocnemius)  and  tliose 
which  arise  from  the  surfaces  of  fascia:,  bones  and  cartilages. 
Where,  on  the  other  hand,  the  fibres  of  aponeuroses  and  tendons 
meet  those  of  muscles  rectibnearly,  a  real  transition  of  tendinous 
fasciculi  into  muscular  fibres  for  the  most  part  occurs,  a  though 
not  always,  for  in  apparent  rectilinear  transition  of  muscles  mto 
tendons,  an  obbque  attachment  of  the  former  with  free  extremi- 
ties, although  under  very  acute  angles,  is  also  frequently  found, 
and  particularly  where  tendons  penetrate  deeply  mto  the  muscular 
substance,  and  divide  into  separate  bundles. 

The  tendons  are  also  connected  with  bones,  cartdagcs,  fibrous 
membranes  {sclerotica,  vagina  nervi  optici,  tendinous  fas«a=),  liga- 
ments, and  synovial  membranes  (suhcrnralis,  for  instance).  With 
the  first-mentioned  parts  the  connection  takes  place  either  by  the 
intervention  of  the  periosteum  and  perichondrium,  and  thcretore 
indirectly— the  tendinous  fibres  mostly  passing  into  tbe  similarly 
constituted  elements  of  these  investments,  or  appearing  to  strengthen 
them— or  directly,  in  which  case  {tendo  Achillis,  tendons  of  the 
<)uadriceps,peetoralis  major,  deltoideus,  latissimus,  ilio-psoas,  glutei, 
etc  )  the  tendinous  bundles  meet,  under  an  acute  or,  oblique  angle 
the  surfaces  of  the  bones,  and  become  accurately  attached  to  all 
their  elevations  and  depressions,  without  the  intervention  of  peri- 
osteum, ^vhieh  is  wanting  in  such  places.    In  the  neighbourhood 
of  the  bones  the  tendons  frequently  contain,  for  a  certain  extent, 
beautiful  cartilage  cells,  which  are  either  isolated  or  disposed  in 
rows    In  exceptional  cases,  I  have  also  seen  the  tendinous  fibrillie 
at  their  extremities  next  the  bone,  completely  incrusted  (ossified) 
with  salts  of  lime  in  the  form  of  granules.    In  fibrous  membranes, 
the  tendons  disappear  quite  imperceptibly,  without  any  interruption 
of  eontinuity  (tensor  fascia,  biceps  hrachu). 

6  82   Accessory  Organs  of  the  Muscles  and  Tendons.    A.  The 
muscular  Envelopes  or  F«sci>.-These  are  fibrous  membranes  which 
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invest  single  muscles  or  groups  of  muscles  with  tlieir  tendons, 
and  have  generally  the  structure  of  tendons  and  aponeuroses, 
especially  where  they  are  connected  with  muscular  fibres  and 
tendons;  frequently,  however,  they  contain,  in  their  connective 
tissue,  a  larger  number  of  fine  elastic  fibres,  or  even  a  very  close 
network  of  larger  elastic  elements.  The  latter  structure  occurs 
wherever  the  fascia  are  destined  to  form  a  firm  enveloping  mem- 
brane for  the  muscles  without  impeding  them  in  their  various 
changes  of  form,  particularly,  therefore,  in  the  middle  of  the 
limbs. 

B.  Ligaments  of  the  Tt??if?ons.— Besides  certain  ligamentous 
parts  of  the  fascise,  which,  being  attached  to  bones,  surround  the 
tendons  or  otherwise  confine  them,  there  are  the  so-called  tendinous 
sheaths  (ligg.  vaginalia  tendinw7i),  for  example,  those  of  the 
tendons  of  the  flexors  of  the  fingers  and  toes,  where  they  consist 
of  numerous  small  bands  arranged  in  succession,  and  strengthening 
the  synovial  sheaths.  Other  ligaments  comprehended  in  this  sec- 
tion are  the  lig.  carpi  proprium,  the  trochlea,  and  the  retinacula 
tendiniim. 

C.  Synovial  Bursce  and  Synovial  Sheaths.— Wherevev  muscles  or 
tendons,  in  performance  of  their  movements,  rub  against  hard 
structures  (bones,  cartilages)  or  against  other  muscles,  tendons  and 
ligaments,  there  are  found  between  the  parts  concerned  spaces 
filled  with  a  small  quantity  of  viscid  fluid,  which,  according  to  Vir- 
choiv,  is  not  mucus,  but  a  substance  very  similar  to  colloid  matter. 
These  spaces  are  usually  regarded  by  anatomists  as  being  lined  by 
a  special  membrane,  the  synovial  membrane.  But,  in  point  of  fact, 
only  the  smaller  number  of  these  spaces  are  covered  throughout  by 
a  continuous  membrane,  the  majority  being  destitute  of  it  in 
many  places.  With  regard  to  the  synovial  bursse,  those  of  the 
muscles  (psoas,  iliacus,  deltoideus,  etc.)  approach  most  to  the  con- 
dition of  continuous  sacs;  whereas  those  of  the  tendons  exhibit 
only  an  incomplete  membrane,  and  are  destitute  of  it  precisely  on 
those  parts  which  glide  upon  each  other.  The  same  observation  ap- 
plies to  the  synovial  sheaths,  among  which  only  the  common  sheaths 
of  the  flexors  of  the  fingers  and  toes  present,  in  a  certain  measure, 
the  form  of  a  so-called  serous  sac,  although,  even  here,  there  are 
many  parts  of  the  tendinous  surface  devoid  of  all  membranous  in- 
vestment. In  most  of  the  synovial  sheaths,  and  in  many  synovial 
bursse,  there  are  occasionally  reddish,  fringed  processes,  which,  in 
form  and  structure,  entirely  resemble  those  in  the  joints,  and  are 
nothing  but  vascular  processes  of  the  synovial  membrane. 
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D.  Fihro-cartilages  and  Sesamoid  Bodies. -The  tendons  of 
some  muscles  (tlMaUs  posticus,  peronmts  loncjus)  contam,  where 
they  run  in  tendinous  sheaths,  dense,  semi-cartilagmous  masses 
imhedded  in  their  substance,  which  are  known  under  the  name  of 
sesamoid  cartilages,  and  of  sesamoid  bones  when  they  become  ossi- 
fied, as  occasionally  happens.  The  latter  occur-  normally  imbed- 
ded in  the  flexor  tendons  of  certain  fingers  and  toes,  with  one 
surface  directed  towards  an  articulating  cavity. 

Respecting  the  intimate  structure  of  the  last-mentioned  parts, 
it  mav  be  remarked,  that  the  sesamoid  bones  consist  of  ordinary 
fine  cancellated  osseous  tissue,  enclosed  on  one  side  m  tendinous 
or  ligamentous  substance,  and  on  the  other,  projectmg  mto  an 
articular  cavity,  where  the  surface  is  covered  by  a  thm  layer  ot 
cartilage.  The  ligaments  of  the  tendons  have  the  same  structure 
as  the  tendons  themselves,  with  the  exception  of  the  more  deli- 
cately constructed  rectinacida  tendinum. 

The  synovial  hursce,  which  are  invariably  thin  walled,  consist, 
in  as  far  as  they  possess  a  special  membrane,  of  variously  de- 
cussating, and  often  anastomosing,  loosely  connected  bundles 
of  connective  tissue,  together  with  fine  elastic  fibres;  whilst 
the  synovial  sheaths  — in  conformity  with  their  double  office  ot 
synovial  bursee  at  one  place,  and  at  another  of  hgaments  ot 
tendons,  connected  with  tendinous  sheaths  — m  their  thmner 
places  have  the  structure  of  the  hurs(B  mucosoi,  in  their  thicker, 
are  composed  of  dense  connective  tissue.  Both  kinds  of  sacs, 
together  with  the  parts  lying  in,  or  otherwise  boundmg  them, 
are  only  partially  covered  by  epithelium,  which  generally  con- 
sists of  a  simple  layer  of  nucleated  polygonal  cells  of  0*004  to 

"rhe  'places  destitute  of  an  epithelium,  which  maybe  distinguished 
by  their  dull  lustre  and  yellowish  appearance,  and  are  especially 
to  be  found  in  localities  where  the  tendons  and  the  parts  sm- 
rounding  them  are  exposed  to  a  greater  pressure,  invariably 
exhibit,  almost  in  their  whole  extent,  the  nature  of  fibro-car- 
tilao-es ;  the  dense  connective  tissue  of  which  they  are  made  up, 
and'' which  is  mixed  ^^Ai\  but  few  elastic  fibres,  contammg  car- 
tilage-ceUs,  often  in  very  considerable  number,  whose  size  and 
other  characters  present  almost  the  same  variations  as  those  of 
the  true  cartilages.  Where  the  cartilage-cells  are  deposited  m 
very  large  proportion,  the  tendons  are  thickened,  or  even,  as  it 
were  filled  with  distinct  fibro-cartilaginous  masses  (cartdagmes 
sesamoidece).    Upon  the  cuboid  bone,  at  the  part  where  the  tendon 
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Fig.  69. 


of  i\eperonmis  longus  turns  round  it,  there  is  a  layer  of  genuine 
cartilage  of  l'"  to  i'"  thick. 

&  8^  Vessels  of  the  Muscles  and  Accessory  Organs.    A.  Blood- 
There  is  little  peculiar  in  the  ramification  of  the  larger 
vessels.    The  trunks  passing  into  the  muscles  either  obliquely  or 
transversely,  and,  running  in  the  perimysium  internum,  divide 
at  acute  or  obtuse  angles,  in  an  arborescent  manner,  so  that  all 
parts  of  the  muscles  are  supplied  by  them.    The  finest  arteries 
and  veins   usually  run  parallel 
to  the  muscular  fibres,  and  form 
a  capillary  network  between  them, 
which  is  so  characteristic,  that 
when  it  has  been  once  seen,  it 
can  never  be  mistaken  for  any- 
thing else.    The  meshes  are  rect- 
angular, with  long  sides  which 
run  parallel  with  the  longitudinal 
axis  of  the  muscle ;  so  that  the 
plexus  consists  of  two  kinds  of 
vessels;  longitudinal,  which  Hein 
the  fuiTOWs  betw^een  each  pair  of 
muscular  fibres,  or  in  the  irre- 
gular spaces  between  several,  as 
can  be   especially  well  seen  in 
transverse   sections    of  injected 
muscles,     and    transverse  ves- 
sels, which,  anastomosing  in  va- 
rious ways  with  the  former,  form 
a  network  around  the  muscular 

fibres.  Thus  every  individual  . 
fibre  might  in  a  manner  be  said  to  lie  in  a  plexus  of  capiUaries 
and  is  richly  supplied  with  blood  on  all  sides.  The  capiUarie^  of 
the  muscles  belong  to  the  finest  in  the  human  body,  and  have 
often  a  smaller  diameter  than  the  human  blood- corpuscles.  In  one 
of  HyrtVs  preparations,  they  are  0-0025"'  to  0-003  ;  m  the  pec- 
toris  major-m^^  with   blood,  0-002'"  to  0-003  -empty, 

o-ooi6'"  to  0-002'".  ,     -  .  ,  , 

The  tendons  belong  to  those  parts  of  the  body  which  are  most 
sparmgly  supphed  with  blood-yessels.  The  smaller  tendons  pre- 
sent, in  theb  interior,  not  a  of  blood-vessels,  but  are  supphed 
abuudantly  with  wide-meshed  networks  of  capillaries  m  the  loose 


Capillary  vessels  of  muscles,  magnified  250 
times,  a.  Artery,  h.  Vein.  c.  Capillary 
net^vork. 
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connective  tissue  siuTOunding  tliem.    In  thicker  tendons,  small 
solitaiy  vessels  are  also  found  in  the  superficial  layers ;  and  in  the 
thickest  tendons,  spai-ing  vascular  networks  can  be  demonstrated 
by  the  microscope  and  injections  also  in  the  deeper  layers;  still 
even  here,  the  deepest  layers  are  completely  destitute  of  vessels. 
The  above  aiTangement  obtains  also  in  the  liaamenis  of  the 
teiidoyis,  except  that  stiU  fewer  vessels  can  be  demonstrated  in 
them.    The  thinner  fasciie  are  altogether  devoid  of  vessels ;  the 
thicker,  as  the  fascia  lata,  apait  from  the  very  vascular  loose 
areolai'  tissue  covering  their  surfaces,  contain  a  few  ramifications. 
On  the  other  hand,  the  synovial  membranes  of  the  muscular 
sTstem  ai-e  rich  in  vessels,  especially  their  vascular  processes. 
*  B.  The  Lymphatic  Vessels  of  the  muscles  are  but  few  in  number; 
and  I  find,  i",  in  small  muscles,  as,  for  example,  in  the  ouio-h'ioideus 
and  suhcruralis,  no   lymphatic  vessels;   and,  2,  in  the  largest 
sized  muscles,  but  only  in  some  of  them,  lymphatic  vessels  of 
I'"  to  4-"'  accompanying  the  blood-vessels.    Now,  since  the  deep^ 

or  muscular  blood-vessels  of 
the   extremities  are  accom- 
^     ■  panied  with  but  few  lymphatic 

vessels,  which  certaiuly  do  not 
all  come  from  the  muscles,  it 
appears  quite  justifiable  to 
assume,  that  the  few  lympha- 
tics which  really  occur  in  the 
larger  muscles,  do  not  pene- 
trate between  the  secondary 
fasciculi,  but  are  confined  to 
the  more  vascular  perimysium 
between  the  larger  and  more 
loosely  connected  dirisions, 
particularly  where  it  is  inter- 
mingled with  fat,  and,  there- 
fore, soft;  as  in  the  glutmiSy 
and  in  the  superficial  layers  of 
i  many  other  muscles. 

Xo  one  has  yet  seen  lym- 

Terminal  expansion  of  the  nerves  from  a  human  rihatics  in  the  tcudons,  faSCi^e 

omo-hvoideus,  magnified  350  times,  and  treated  i^"""-  ^  ' 
with  caustic  soda.    a.  Meshes  of  the  termmal  J    SVUOTial    mCmbraneS  01 

plexus,  b.  Terminal  loops,  c.  Muscular  lasacuh.  . 

the  muscular  svstem. 


§  84.   Xervc^  of  Muscles.— The  distribution  of  the  muscular 
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nerves,  even  as  regards  their  larger  sub -divisions,  presents  many 
peculiarities.  Thus  it  can  be  shown  in  most  muscles,  that  the  nerves 
come  in  contact  with  their  fibres  only  at  some  few  limited  points^ 
and  are  never  connected  with  them  throughout  their  entire  length. 
With  reference  to  the  ultimate  termination  of  the  nerves,  we  find, 
in  all  muscles,  anastomoses  of  the   finer  ^ig-^i. 
branches,  the  so-called  plexuses.    The  anas- 
tomoses between  the  larger  branches  are 
above  all  to   be  seen  where  the  entire 
nervous  ramification  lies  in  a  very  small 
space;  elsewhere  they  rarely  occur,  or  are 
wholly  absent.    On  the  other  hand,  those 
between  the  finer  and  finest  twigs  (terminal 
plexus,  Valentin)  are  everywhere  very  nu- 
merous, and   are   chiefly  parallel   to  the 
longitudinal  direction   of  the  bundles,  in 
form  of  elongated  rounded  meshes.  These 
terminal  plexuses,  which  have  sometimes 
narrower,  sometimes  wider  meshes,  and  are 
formed  principally  by  the  ramuscules  of  one 
small  branch,  without,  however,  being  alto- 
gether isolated  the  one  from  the  other,  pro- 
ceed to  form  what  Valentin  calls  terminal 
loops ;  by  which  term  I  understand  nothing  more  than  anasto- 
moses of  the  branches  of  the  last  order,  eff'ected  by  a  few  primi- 
tive fibres,  or  a  single  one,  passing  from  one  twig  into  the  other ;  in 
which  it  is  a  matter  of  indifi'erence  whether  they  run  in  a  straight 
line,  or  are  curved  in  the  form  of  loops  (fig.  70). 

From  the  observations  of  R.  Wagner,  Luschka  and  myself,  it  is 
now  unquestionable  that  free  terminations  of  the  nerve-fibres, 
similar  to  those  known  in  the  muscles  of  the  lower  animals,  also 
occur  in  the  human  muscles ;  and,  seeing  the  results  of  researches 
now  making  in  all  directions  on  the  terminations  of  nerves,  it 
may  be  considered  highly  probable  that  the  above-mentioned 
terminal  loops  are  not  the  ultimate  divisions  of  the  primitive 
fibres,  but  rather  that  the  fibres  which  form  them,  always  termi- 
nate in  some  other  place  ivith  free  extremities,  either  directly  or 
after  previously  di\-iding,  as  was  observed  by  Wagner  and  me  in 
the  muscles  of  man  and  mammalia.  The  trunks  entering  the 
muscles  consist  chiefly  of  thick  nerve-tubes,  so  that  in  100 
there  are  on  an  average  about  12  fine  ones.  In  the  interior 
of  the  muscles  they  become  more  slender,  so  that  the  terminal 


Divisions  of  a  primitive 
nerve -fibre,  from  a  facial 
muscle  of  a  rabbit,  with 
three  apparent  twigs  ran- 
uing  out  into  points.  Mag- 
nified 350  times. 
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plexuses  consist  only  of  very  fine  fibres.  These,  however,  are 
still  dark-bordered,  and  of  O'ooi'"  to  0-0025"'  in  diameter ;  and, 
in  particular  instances,  the  successive  attenuation  of  individual 
fibres  can  be  directly  observed,  which  proves  that,  at  least  m  these 
cases,  it  is  not  occasioned  by  division. 

Nervi  Vasorum  occur  in  all  muscles,  and,  accompanying  the  vas- 
cular bundles  according  to  the  size  of  the  latter,  form  coarser  or  finer 
branches.  They  contain  only  the  finest  nerve-fibres,  and  always 
follow  vessels  of  sufiicient  size  to  be  recognised  as  arteries  and 
veins.  I  have  never  seen  their  termination,  and  only  know  this 
much,  that  they  are  often  wanting  on  the  smallest  veins  and 
arteries,  and  never  occur  on  the  capillaries.  Here  and  there  one 
or  more  fibres  of  the  muscular  nerves  are  seen  joining  them,  which 
is  in  accordance  with  the  fact  that  the  nervi  vasorum  of  many 
parts  (the  limbs,  for  instance)  may  be  shown  to  come  from  the 
spinal  nerves.  The  smaller  tendons  have  no  nerves ;  the  larger, 
as  the  tendo  Achillis  and  tendon  of  the  quadriceps,  the  centrum 
tendineum  (Luschka)  for  the  most  part  contain  only  nervi  vasorum. 
Fasciw  a7id  tendinous  sheaths  are  destitute  of  nerves,  and  also,  so 
far  as  I  have  hitherto  seen,  the  synovial  capsules  of  the  muscular 
system. 

According  to  my  investigations,  the  distribution  of  the  nerves  in  many  of 
the  small-sized  muscles  in  man,  is  very  limited,  so  tkat  whilst  one  part  of 
the  muscle  is,  in  its  entire  breath  and  thickness,  unusually  rich  in  nerves, 
the  rest  is  entirely,  or  almost  entirely,  destitute  of  them.  In  other  muscles, 
the  nerves  are  distributed  over  larger  portions,  but  appear  also  here  to 
come  in  contact  with  each  primitive  fibre  only  at  one  very  hmited  spot. 
From  this  we  may,  with  great  probability  of  its  truth,  deduce  the  general 
law,  that  the  muscular  fibres  do  not  stand  in  connection  with  the  nerves  in 
their  entire  length,  but  only  at  one  small  point ;  whence  the  further  deduc- 
tion follows,  that  when  we  wish  to  electrify  the  muscles  and  cause  them  to 
contract  with  energy  {electrisation  localisee  of  D?/c7«e?iW6'),  that  point  is  to  be 
chosen  at  which  the  nervous  trunk  enters  it.  Long  muscles,  as  the  latissi- 
mus,  sartorius,  etc.,  may,  perhaps,  form  an  exception  to  this  law,  as  in  these, 
perhaps,  the  fibres  come  in  contact  with  the  nerves  at  two  or  three  points  ; 
but  more  accurate  information  is  wanting  as  to  the  arrangement  in  these 
cases. 

In  many  animals  belonging  to  the  invertebrata,  free  terminations  of  the 
nervous  fibres,  and  their  attachment  to  the  muscular  fibres  by  expanded 
extremities,  are  well  known.  In  the  vertebrata,  Müller  and  Brücke  first  de- 
scribed divisions  of  the  nerve-fibres  in  the  ocular  muscles  of  the  pike.  In 
the  amphibia,  divisions  and  free  terminations  have  become  well  known,  since 
Wagner  discovered  them  in  the  frog.  The  divisions  are  remarkably  beautiful 
and  numerous.  They  commence,  in  the  small  trunks  and  branches,  in  nerve- 
tubes  0-004'"  to  o-oo6"'  in  diameter,  and  continue  to  divide,  with  gradual 
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attenuation  of  the  fibres,  till  at  length  very  small  fibrils  of  o-ooi  to 
o-oois'"  in  diameter  result.  The  divisions  are  for  the  most  part  dichoto- 
mous  or  trichotomous,  more  rarely  multiple;  yet  Wagner  once  saw  eight 
branches.  The  terminal  fibrils  are  pale,  and  simply  contoured.  1  hey 
never  penetrate  into  the  muscular  fibres,  but,  after  a  short  course  either  he 
obhquely  or  transversely  upon  them,  or  continue  for  a  considerable  distance 
parallel  to  them,  in  order,  in  both  cases,  to  run  out  into  a  point,  which  is 
often  as  fine  as  a  fibril  of  connective  tissue.  All  these  relations  may  be  well 
seen  in  the  mylo-hyoideus  ( Wagner),  and  above  all  in  a  fine  cutaneous  muscle 
of  the  thorax  {Ecker),  the  distribution  of  the  nerves  in  which  has  recently 
been  very  minutely  described  by  Beichert.  Beichert  found  here,  as  m  man, 
that  only  a  small  part  of  the  muscle  is  abundantly  provided  with  nerves ; 
whilst  they  are  few  in  number  in  the  remaining  parts.  The  nervous  trunk 
supplying  this  muscle,  which  consists  of  160  to  180  muscular  fibres, _  has, 
according  to  Beichert,  7  to  10  tubules,  and  finally  forms,  by  repeated  division, 
290  to  340  terminations,  so  that  there  is  more  than  one  termination  for  every 
muscular  fibre. 

§  85.  Chemical  and  Physical  Relations  of  the  M^scZ^s.— Accord- 
ing to  Bibra,  there  are  in  100  parts  of  fresh  beef,  72-56  to  74-45 
parts  of  water.    The  solid  parts  (25-55  to  27-44),  in  a  man  59 
years  of  age,  consisted  of  a  residue  insoluble  m  boiling  water, 
alcohol  and  ether,  16  83;  soluble  albumen  and  colouring  matter, 
1-75;  substance  yielding  gelatine,  1-92;  extractive  matter  and 
salts,'  2-80 :  fat,  4-24.    The  fat  is  chiefly  derived  from  the  blood, 
the  fat- cells  in  the  muscles  and  the  nerves;  in  part  also  from 
the  muscular  fibres  themselves.    The  substance  yielding  gelatine 
comes  from  the  perimysium,  a  small  part  also  from  the  vessels 
and  the  neurilemma;  but  not  from  the  sarcolemma,  which  is  still 
to  be  seen  in  thoroughly  boiled  muscles.     The  inorganic  salts 
and  the  albumen  come  chiefly,  perhaps,  from  the  muscular  fibres 
themselves,  whence  also  pre-eminently  are  derived  the  salts  of 
lactic,  acetic,  butyric  and  formic  acids,  found  in  the  juice  of 
muscles  by  Liehig  and  Scherer,  the  free  lactic  acid,  kreatm  and 
kreatinin,  the  sugar  of  muscles,  or  inosit  and  the  colouring 
matter;  which  substances,  including  the  last  mentioned,  have 
their  seat,  partly  in  the  fibrils  themselves,  partly,  as  is  especially 
the  case  with  the  albumen,  in  the  intermediate  connecting  sub- 
stance.   The  insoluble  residue  (16-83)  is  for  the  most  part  due 
to  the  muscular  fibrils  themselves,  which,  as  we  have  seen  above 
(§  29),  are  composed  of  a  substance  allied  to  fibrine.    The  sarco- 
lemma  ofl'ers  greater  resistance  to  alkalies  and  acids  than  the 
fibrils,  and  is  more  nearly  related  to  the  memhranoi  proprice  of 
glands,  the  walls  of  capillaries,  and  the  cell-membranes  of  many 
cells.  The  colouring  matter  of  the  muscles  (and  these  themselves), 
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like  that  of  the  blood,  becomes  bright  red  on  exposure  to  the  air, 
and  still  more  in  oxygen.  It  is  readily  extracted  by  uater,  but 
not  bv  salts,  and  this  fact,  viz.,  the  effect  of  altered  concentration 
of  the  liquid  with  which  the  muscles  are  saturated,  may  seem  to  ex- 
plain the  readiness  with  which  muscles  change  colour  in  disease. 

The  muscles,  although  softer  and  more  easily  torn  than  the 
tendons,  have,  nevertheless,  a  considerable  degree  of  tenacity, 
especially  during  life,  and  a  certain  degree  of  elasticity.  During 
life,  as  K  Webe?>  justly  observes,  they  are,  even  when  not  acted  on 
by  the  nerves,  for  the  most  part  not  in  their  natural  form,  but  m  a 
state  of  tension,  and  exert  an  elastic  force,  like  stretched  cords.  This 
is  most  convincingly  demonstrated  by  the  experiment  of  bringing 
the  limb  of  an  animal  into  a  state  of  extreme  flexion,  and  after 
section  of  the  nerves  dividing  the  tendons  of  the  extensor  muscles, 
on  which  they  retract  to  a  considerable  degree.    This  tension  of 
the  muscles  *is  very  various,  according  to  the  position  of  the 
Hmbs.    It  is  slight'^when  the  body  reposes  with  the  limbs  m  a 
semi-flexed  position;  less  or=o  when  a  muscle  rests  after  it  has 
powerfully  acted  upon  a  limb ;   greater  and  greatest  when  its 
antagonists  exert  their  utmost  possible  action.    According  to  E. 
Weber,  the  lining  but  inactive  muscles  may  be  compared  to 
caoutchouc,  in  as  much  as  like  that  substance  they  possess  a 
high  degree  of  elastic  extensibility,  or  in  other  words,  a  iveak  but 
very  perfect  elasticity,  as  may  be  easily  observed  in  the  muscles 
even  of  dead  animals,  when  they  are  alternately  stretched  and 
allowed  to  retract.    The  elasticity  of  the  muscles  being  so  smaU 
in  amount,  they  oppose  no  obstacle  to  the  motion  of  the  limb; 
and  because  it^is  so  perfect,  they  shrink  again  to  their  previous 
form  and  length  after  the  greatest  extension.    This  is  also  shown 
when  the  abdominal  muscles  have  been  extended  in  pregnancy 
and  in  pathological  conditions.    When  the  muscles  are  in  action, 
their  condition  as  to  elasticity  becomes  altered  in  a  very  remark- 
able manner;  i,  the  muscles,  during  their  contraction,  become 
more  extensible  or  less  elastic ;  on  which  account  they  exert  a 
much  less  force  in  contracting,  than  would  be  the  case  if  their 
elasticity  remained  the  same  as  when  in  a  state  of  inaction  ;  2, 
the  condition  of  elasticity  during  muscular  action,  is  very  various 
in  one  and  the  same  muscle ;  it  becomes  progressively  less  during 
the  continuance  of  action,  which  is  the  cause  of  the  apparent 
exhaustion  and  loss  of  power  which  result.    In  dead  muscles, 
according  to  i:.  Weher,  the  elasticity  is  not  so  p^r/^c^  i.e.,  the 
dead  muscle  does  not  entirely  reassume  its  former  condition 
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after  being  stretched,  and,  consequently,  also  tears  more  rca.lilv, 
although  the  </raÄ  muscle  can  still  support  a  weight  ot  eiglity 
pounds  without  tearing.    At  the  same  time,  the  muscle  is  less  ex- 
tensible, more  rigid,  and  less  flexible;  or  its  elasticity  is  ^reaier. 
The  phenomena  of  fatigue  in  the  muscles  are  accordingly  to  be 
distinguished  from  those  occasioned  by  death.    In  tl^  former  he 
diminution  of  the  elasticity  takes  place  under  the  influence  of  the 
nerves  and  during  the  contraction  of  the  muscle  itself,  probably  in 
consequence  of  the  altered  molecular  nutrition  of  the  muscle,  and 
is,  consequently,  a  vital  phenomenon.    In  the  latter,  these  influ- 
ences have  ceased,  and  the  increase  of  the  elasticity,  which 
occasions  the  well-known  rigor  mortis,  is  simply  a  physical  phe- 
nomenon, and  is  not  to  be  confounded  with  increased  Umwn 
of  the  muscles,  which,  under  vital  influences,  takes  place  during 
their  contraction  contemporaneously  with  diminution  of  tlieir 

elasticity.  ^.  .      ,  mi^^xr 

The 'tendons  are  very  strong,  and  but  little  elastic.  They 
contain,  according  to  Chnreul,  only  62  03  of  water  m  100  parts, 
considerably  less,  therefore,  than  the  muscles;  and  consist  prin- 
cipallv  of  a  substance  yielding  gelatine;  yet  they  are  much  less 
easily  resolved  into  gelatine  than  other  parts. 

In  mv  opinion,  the  muscles  are  sometimes  in  a  state  of  tension,  sometimes 
in^^rrtural  form,  sometimes  even,  compressed,  and  the  ^^^^^^ 
mav  be  superadded  in  all  of  these  three  conditions.  If  a  sti  etched  muscle 
To  con  li  s  that  it  does  not  assume  its  natural  form,  it  will,  upon  remission 
of  th  contraction,  still  be  in  a  state  of  tension,  and  retract  on  being  cut 
«u-ou.h.  If,  on  tile  other  hand,  a  muscle  conti-act  when  in  its  natural  fo.m 
wilf  become  extended  when  the  nervous  influence  ceases  ;  as,  for  instance, 
hi  ontracted  heart,  or  an  isolated  muscle  '''ed  by  gal— 

cordin*,  when  we  speak  of  the  elasticity  of  muscles,  not  only  their  tension, 
when  th  y  are  extended,  but  also  that  hi  the  connn-essed  condition  must 
token  into  account,  which  latter  appears  to  me  of  great  physiolog  cal  im- 
nortanie  in  as  muä  as  the  extension  of  contracted  muscles,  as  m  the  case 
the  he^rt,  or  of  muscles  whose  antagonists  are  paralysed,  then  becomes 
"utellUle    I  do  not  admit  the  existence  of  the  so-called  to,n,s  of  the 
muscks  if  by  that  term  is  understood  a  long  continuing  coutraction,  mam- 
tohied  without  the  influence  of  the  will,  although  originally  excited  thereby  ; 
and  I  am  of  opinion,  that  what  has  been  designated  under  this  name,  is,  fo 
the  most  part  only  the  elastic  tension,  which  has  been  confounded  with  the 
anteeXt  contraeLu  which  it  succeeds  (see  my  Mxhr.  Am  .  II.  1.).   A\  :th 
Reference  to  the  r^gor  mortis,  two  important  facts  have  been  quite  re- 
cently b  ought  to  light,  viz.,  that  it  may  be  annulled  by  the  injection  of  blood 
TsZ-n^S^^^ar,!),  and  may  take  place  in  the  living  anima  ,  w-hen  the  supply 
of  blood  is  cut  ofl-  from  a  group  of  muscles  (Stan,n,,s).   In  the  l-"er  case 
the  excitability  of  the  nerves  also  disappears,  and  the  normal  conditions  of 
the  muscles  and  nerves  return  on  re-establishment  of  the  circulation.  Accord- 
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ing  to  my  observation  on  certain  poisons,  the  ripor  mortify  is  quite  independent 
oAhe  nerves  of  the  muscles,  and  is  owing  to  a  pccuhar  alteration  of  the 
molecules  of  the  muscles,  which  may  be  produced  by  different  causes  (ViRCH., 
Archiv.,  1856). 

§  86.  Development  of  Muscles  and  7>;?f7o?is.— In  man.  tlic  muscles 
first  become  distinct  at  tlie  end  of  the  second  month  of  intra- 
uterine life,  but  are  then  recognisable  only  Avith  the  aid  of  the 
microscope;  and  being  soft,  pale,  and  gelatinous,  cannot  be  distin- 
guished from  their  tendons.    In  the  tenth  or  eleventh  week,  they 
can  be  recognised  more  distinctly,  particularly  in  specimens  pre- 
served in  alcohol ;  and  the  tendons  also  make  their  appearance  as 
somewhat  lighter,  but  likewise  transparent  streaks.    In  the  fourth 
month,  the  muscles  and  tendons  are  still  more  distinct;  the 
former,  on  the  trunk,  being  slightly  reddish;  the 
latter,  greyish,  and  less  transparent,  but  both  still 
soft.     From  this  period  onwards,  both  structures 
more  and  more  assume  the  condition  which  they  arc 
afterwards  destined  to  have ;  so  that,  in  the  mature 
foetus,  they  present  no  difference  worthy  of  note, 
except  that  the  muscles  are  softer  and  paler,  and  the 
tendons  are  vascular,  and  not  so  white.  AVith  regard  to 
their  intimate  conditions,  the  fibres  in  the  embryo,  at 
the  end  of  the  second  month,  are  elongated  bands 
(fig.  72),  from  0-00 1 to  0-002'''  broad,  with  nodular 
enlargements  at  different  points,  in  which  places 
they  are  provided  with  elongated  nuclei.  These 
bands  appear  either  homogeneous,  or  finely-granu- 
lated, and  only  seldom  present  a  very  slight  indica- 
tion of  transverse  striation.    These  muscular  fibres, 
according  to  my  observation,  arise   each  from  a 
single  cell,  which  increases  considerably  in  length. 
In  the  further  progress  of  development,  they  become 
broader  and  longer,  and  their  contents  —  the  origi- 
nal cell-contents— are  transformed  into  the  muscular 
fibrils.     In  the  fourth  month  (fig.  73),  the  majority 
measure  0-0028'"  to  0  005'"  in  diameter,  some  even 
o-oo6"';  whilst  others   do  not  exceed  o-ooi6"'  to 
0  002'".    The  larger  fibres  are  still  flattened,  but  uniformly  broad, 
and  considerably  thicker  than  before,  and,  for  the  most  part, 
with  distinct  longitudinal  and  transverse  strise ;  or  they  even 
contain  fibrils,  capable  of  being  isolated.    Even  in  longitudinal, 
but   still  better  in  transverse  sections,  it  may  be  seen  that 
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in  many  fibres  tlie  fibrils  do  not  occupy  the  whole  thickness, 
but   are  deposited  peripherally,  in  form    of  a   tube;  whilst, 
in  the  interior  of  the  fibre,  there  still  exists  a  homogeneous 
substance  as  formerly,  which  now  appears  as  a  canal  inclosed 
hy  the  fibrils.    All  the  fibres  possess  a  sarcolemma  [h),  which, 
on  the"  addition  of  acetic  acid,  and  caustic  soda,  can  be  de- 
monstrated as  a  very  dehcate  membrane,  and  may  occasionally 
be  raised  from  the  fibrils  by  the  imbibition  of  water.  Moreover, 
as  at  first,  they  present  nuclei,  which  are 
situated   upon  the  sarcolemma,    and  ^  fre- 
quently raise  it  into   rounded  elevations. 
These  nuclei  are  actively  engaged  in  the 
process  of  multiphcation ;  they  are  all  vesi- 
cular, rounded  or  elongated  in  shape,  with 
very  distinct,  simple  or  double  nucleoli,  of 
0-0004'''  to  o-ooo8'"  in  diameter,  and  often 
with  two  secondary  nuclei  in  their  interior. 
The  nuclei  are  most  frequently  arranged  in 
pairs,  lying  close  to  each  other ;  but,  often, 
also,  in  groups  of  three,  four,  or  even  six, 
placed  alongside,  or  following  each  other. 
From  this   period  to  the  time  of  birth, 
the  muscular   fibres  do  not  undergo  any 
notable   alteration,  except  an  increase  in 
thickness.     In  the  new-born  infant,  they 
measure  0-0056'"  to  0-0063'"  in  diameter, 
are  solid,  of  rounded-polygonal  form,  and  lon- 
gitudinally and  transversely  striped,  accord- 
ing to  circumstances,  as  in  the  adult.  Their 
fibrils  may  now  be  very  easily  isolated,  and 
their  nuclei  are  increased  in  number. 

From  the  above  statement  it  may  be  inferred,  that  the  sarco- 
lemma of  a  fully-formed  fibre  is  nothing  but  the  cell-mem- 
brane of  a  primitive  muscular  cell,  which,  by  its  excessive  growth, 
has  given  origin  to  a  long  fibre,  and  that  the  nuclei  of  the  latter 
are  the  descendants  of  the  original  cell-nucleus,  which  has  multi- 
plied by  an  endogenous  process.  The  muscular  fibrils  are  the 
differentiated  contents  of  the  original  tube,  which  have  become 
firm.  In  many  cases,  it  can  be  demonstrated  that  they  are  formed 
from  the  sarcolemma  inwards ;  in  other  instances,  perhaps  they  are 
developed  at  once,  in  the  whole  width  of  the  tube. 

The  growth  of  the  entire  muscle  chiefiy  depends  upon  the 
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ing  to  my  observation  on  certain  poisons,  the  rigor  mortis  is  quite  independent 
of  the  nerves  of  the  muscles,  and  is  owing  to  a  peculiar  alteration  of  the 
molecules  of  the  muscles,  which  may  be  produced  by  different  causes  (Yirch., 
Archiv.,  1856). 

§  86.  Development  of  Muscles  and  Tendons. — In  man.  the  muscles 
first  become  distinct  at  the  end  of  the  second  month  of  intra- 
uterine life,  but  are  then  recognisable  only  with  the  aid  of  the 
microscope ;  and  being  soft,  pale,  and  gelatinous,  cannot  be  distin- 
guished from  their  tendons.  In  the  tenth  or  eleventh  week,  they 
can  be  recognised  more  distinctly,  particularly  in  specimens  pre- 
served in  alcohol;  and  the  tendons  also  make  their  appearance  as 
somewhat  lighter,  but  likewise  transparent  streaks.  In  tlie  fourth 
month,  the  muscles  and  tendons  are  still  more  distinct;  the 
former,  on  the  trunk,  being  slightly  reddish;  the 
"^^^  latter,  greyish,  and  less  transparent,  but  both  still 
soft.  From  this  period  onwards,  both  structures 
more  and  more  assume  the  condition  which  they  are 
afterwards  destined  to  have ;  so  that,  in  the  mature 
foetus,  they  present  no  difference  worthy  of  note, 
except  that  the  muscles  are  softer  and  paler,  and  the 
tendons  are  vascular,  and  not  so  white.  With  regard  to 
their  intimate  conditions,  the  fibres  in  the  embryo,  at 
the  end  of  the  second  month,  are  elongated  bands 
(fig.  72),  from  0*00 1 to  0*002'''  broad,  with  nodular 
enlargements  at  different  points,  in  which  places 
they  are  provided  with  elongated  nuclei.  These 
bands  appear  either  homogeneous,  or  finely-granu- 
lated, and  only  seldom  present  a  very  slight  indica- 
tion of  transverse  striation.  These  muscular  fibres, 
according  to  my  observation,  arise  each  from  a 
single  cell,  which  increases  considerably  in  length. 
In  the  further  progress  of  development,  they  become 
broader  and  longer,  and  their  contents  —  the  origi- 
nal cell-contents — are  transformed  into  the  muscular 
fibrils.  In  the  fourth  month  (fig.  73),  the  majority 
measure  0*0028'"  to  o  005'''  in  diameter,  some  even 
o*oo6"';  whilst  others  do  not  exceed  o"ooi6"'  to 
The  larger  fibres  are  still  flattened,  but  uniformly  broad. 
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and  considerably  thicker  than  before,  and,  for  the  most  part, 
with  distinct  longitudinal  and  transverse  striae ;  or  they  even 
contain  fibrils,  capable  of  being  isolated.  Even  in  longitudinal, 
but   still  better  in  transverse  sections,  it  may  be  seen  that 
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in  many  fibres  tlie  fibrils  do  not  occupy  the  whole  thickness, 
but  are  deposited  peripherally^  in  form  of  a  tube ;  whilst, 
in  the  interior  of  the  fibre^  there  still  exists  a  homogeneous 
substance  as  formerly,  which  now  appears  as  a  canal  inclosed 
hy  the  fibrils.  All  the  fibres  possess  a  sarcolemma  [h),  which, 
on  the  addition  of  acetic  acid,  and  caustic  soda,  can  be  de- 
monstrated as  a  very  delicate  membrane,  and  may  occasionally 
be  raised  from  the  fibrils  by  the  imbibition  of  water.  Moreover, 


Fig.  73. 


as  at  first,  they  present  nuclei,  which  are 
situated  upon  the  sarcolemma,  and  fre- 
quently raise  it  into  rounded  elevations. 
These  nuclei  are  actively  engaged  in  the 
process  of  multiplication;  they  are  all  vesi- 
cular, rounded  or  elongated  in  shape,  with 
very  distinct,  simple  or  double  nucleoli,  of 
0*0004'''  to  O'OOoS'"  in  diameter,  and  often 
with  two  secondary  nuclei  in  their  interior. 
The  nuclei  are  most  frequently  arranged  in 
pairs,  lying  close  to  each  other ;  but,  often, 
also,  in  groups  of  three,  four,  or  even  six, 
placed  alongside,  or  following  each  other. 
From  this  period  to  the  time  of  birth, 
the  muscular  fibres  do  not  undergo  any 
notable  alteration,  except  an  increase  in 
thickness.  In  the  new-born  infant,  they 
measure  0-0056'"  to  0-0063'"  diameter, 
are  solid,  of  rounded-polygonal  form,  and  lon- 
gitudinally and  transversely  striped,  accord- 
ing to  circumstances,  as  in  the  adult.  Their 
fibrils  may  now  be  very  easily  isolated,  and 
their  nuclei  are  increased  in  number. 

From  the  above  statement  it  may  be  inferred,  that  the  sarco- 
lemma of  a  fully-formed  fibre  is  nothing  but  the  cell-mem- 
brane of  a  primitive  muscular  cell,  which,  by  its  excessive  growth, 
has  given  origin  to  a  long  fibre,  and  that  the  nuclei  of  the  latter 
are  the  descendants  of  the  original  cell-nucleus,  which  has  multi- 
plied by  an  endogenous  process.  The  muscular  fibrils  are  the 
differentiated  contents  of  the  original  tube,  which  have  become 
firm.  In  many  cases,  it  can  be  demonstrated  that  they  are  formed 
from  the  sarcolemma  inwards ;  in  other  instances,  perhaps  they  are 
developed  at  once,  in  the  whole  width  of  the  tube. 

The  growth  of  the  entire  muscle  chiefiy  depends  upon  the 
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increase  of  the  length  and  thickness  of  the  fibres;  and  the  rudi- 
ments of  all  the  future  fibres  appear  to  be  formed  as  early  as  the 
first  rudiments  of  the  muscle  itself;  at  any  rate,  always  by  the 
middle  of  foetal  life.    In  the  embryo  of  from  four  to  five  months, 
many  of  them  are  five  times  thicker  than  at  two  months.    In  the 
new-born  infant,  they  measure,  for  the  most  part,  twice,  some 
even  three  or  four  times  as  much  as  in  the  fourth  or  fifth  month; 
and  in  the  adult,  they  are  almost  five  times  larger  than  in  the  new- 
born infant.    With  the  increase  in  thickness  of  the  fibres,  the 
fibrils  must  increase  in  number,  since,  according  to  Harting,  they 
are  but  very  little  thicker  in  the  adult  than  in  the  foetus  (compare 
Harti7ig,  Rech.  Micrometr.  and  Hepp,  Ic).    In  accordance  with 
Valentin  and  Schwami,  I  find  that  the  perimysium  is  developed 
after  the  type  of  common  connective  tissue,  from  the  union  ot 
fusiform  formative-cells. 

The  elements  of  the  tendons  are  in  no  case  earlier  developed 
than  those  of  the  muscles;  as,  in  embryos,  from  the  eighth  to  the 
ninth  week,  I  have  never  been  able  to  detect  a  distinct  trace  of 
them,  whilst  the  mnscular  fasciculi  appeared  very  evident.  It  is  not 
till  the  third  or  fourth  month,  when  the  tendons  become  visible  to 
the  naked  eye,  that  their  elements  can  be  distinctly  followed. 
They  then  appear  as  long  parallel  bands,  with  elongated  nuclei, 
which  bands,  as  Schwann's,  and  my  own  observations  (§  26)  upon 
very  young  mammals,  show,  take  their  rise  from  coalesced  fusiform 
cells.    Even  in  the  fourth  month,  they  are  distinctly  recognisable 
as  primitive  bundles,  with  an  undulating  course,  and  bearing  at 
various  points  elongated  nuclei,  of  0-0035'"  to  O'oob'"  in  length, 
and  0-0016'"  in  breadth,  but  without  distinct  fibrils,  and  not 
exceeding  0-0012'"  to  0-0016"'  in  breadth.    From  this  period  on- 
wards, to  the  end  of  embryonic  life,  the  fasciculi  slowly  increase  m 
breadth,  so  that,  in  the  new-born  infant,  they  measure  0*002'"  to 
0-0025'" :  at  the  same  time  their  fibrils  become  developed,  and 
between  the  fasciculi  there  appear  fine  elastic  fibres,  derived  from 
special  fusiform  formative-cells.    (See  above,  §  25). 

With  respect  to  the  patlwlogical  conditions  of  muscles,  the  following 
remarks  occur.  The  substance  of  the  transversely  striped  muscles  is  not 
regenerated,  and  when  divided  by  a  wound,  it  heals  simply  by  means  of  a 
tendinous  cicatrix.  A  new  formation  of  muscular  tissue  has  been  seen  by 
BoJiitanshy  in  a  tumour  of  the  testicle  of  an  individual  eighteen  years  old, 
and  by  Virchoiv  in  an  ovarian  tumour.  In  the  latter  case,  which  i  had  an 
opportunity  of  observing,  the  new  tissue  consisted  of  long,  transversely 
striped,  fusiform  cells,  each  with  a  nucleus.  In  hypertrophy  of  the  muscles, 
which  never,  or,  at  least,  most  rarely,  occurs  in  transversely  striped  muscles, 
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with  the  exception  of  the  tongue,  heart,  and  certain  respiratory  organs  (Bar- 
deleben) the  elements,  according  to  Hepp  and  Wedl,  appear  simply  to  increase 
m  thickness  ;  and,  according  to  the  former,  the  hypertrophied  fasciculi  in  the 
heart  are  four  tirnes  larger  than  the  normal.    A  true  atrophy  takes  place  in 
old  age  _  The  fibres  are  then  narrow,  some  only  0-004'"  to  o-oo8"'  in  dia- 
meter, friable,  and,  for  the  most  part,  without  transverse  stri^  and  with 
indistinct  fibrils.    They  often  contain  a  large  number  of  yellowish  or  brown 
granules  and  numerous  vesicular  nuclei  with  nucleoli,  which  are  often  ar- 
ranged m  linear  series,  or  collected  in  heaps  upon  the  inner  side  of  the  sarco- 
lemma ;  and,  singularly  enough,  exhibit  the  same  indications  of  an  energetic 
multiplication  by  endogenous  formation,  as  in  the  embryo.    Besides  these, 
many  other  pathological  processes  accompany  atrophy  of  the  muscles.  In 
the  formation  of  fat  in  the  mnseles,  which  often  occurs  in  the  heart,  the  mus- 
cu  ar  fibres  are  gradually  displaced  by  connective  tissue  and  fat-cells  developed 
between  them;  whilst  in  iheiv  fatty  degeneration,  the  fibrils  gradually  dis- 
appear, fat-granules  being  developed  in  their  place,  for  the  most  part  in 
Imear  series;  or  even  fat-cells  are  formed  within  the  sarcolemma.    At  the 
same  time  the  muscles  become  softer,  paler,  and  more  yellowish,  and  the 
fibres  readily  break  down.    Paralysed  muscles  were  found  by  Beid  to  be 
thinner,  softer  and  paler,  and  by  Valentin,  to  have  indistinct  transverse  stria3 

^^^^  --'-^ 

J^/'Zt'''''^  individuals,  the  muscles  are  pale  and  soft,  and  the  fasciculi 
small  The  muscular  fibres  sometimes,  though  rarely,  become  calcified,  so 
that  the  muscles  split  up  like  asbestos.  Ossification  of  a  muscle,  as  some- 
times happens  m  the  deltoid,  from  pressure  of  the  musket  in  military  exercise 
(  he  so-called  Ba^erczrlmoehen),  arises  in  the  connective  tissue,  which  may 
ako  occasion  a  fibrous  metamorphosis  of  the  muscle  by  its  undue  increase. 
In  caneer  of  the  peetoralis  major,  I  found  the  sarcolemma  filled  with  beautiful 

V  r       1  "f"'  ^^-7  be  mentioned  the  Cystieerens 

cMos^  which  lies  between  the  fasciculi,  and  TricU^u.  spiraUs  ;  further,  a 

rr    r"';  ''''''''K^''^^^^  (^^^%^-  ofAnut.,il,^.s^^)  saw  living  n 

but  wt?r  ^'"'^^^^  "^"^^^^^  ''''    Organic  formatlns 

-  but  whether  of  vegetable  or  animal  nature,  is  uncertain  -  are  found  in 
rats  and  mice,  as  white  streaks  of  4"  to  7"'  long,  and  0-09"'  to  o-x'"  broad,  anT 

ZnZTT^tl  ^^"^^^^f  ''^^^  t«  be  hollow prMveJe^soiculi  filled  with 
elhpt  cal,  slightly  curved  corpuscles,  of  0-004.'"  to  0-005'"  long,  and  o-ooio'" 
broad,  resembling  eggs.  b,wu  00019 


§87.  Ph?jsiologieal  Eemarks.~The  most  conspicuous  property 
of  the  muscles  is  their  contractility.  In  contraction,  the  fibres 
shorten  themselves  rectilinearly,  and,  at  the  same  time,  become 
thicker,  but  without  any  notable  increase  in  density.  Probably 
the  contraction,  as  a  rule,  takes  place  contemporaneously  in  all 
parts  of  a  fibre,  although  it  is  possible  that  contraction  may  begin 
m  the  parts  where  the  nervous  terminations  are  situated,  and 
precede,  though  by  a  space  of  time  immeasurably  short  or  at 
least  mappreciable  to  the  eye,  that  of  the  rest  of  the  fibre  Tn 
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certain  circumstances  successively  advancing  and  partial  contrac- 
tions are  also  observed.    If  the  longitudinal  and  transverse  strise 
be  watched  during  the  contraction  of  muscle,  it  is  not  ditHcult  to 
perceive  that  the  former,  should  they  have  been  present,  disappear, 
whilst  the  transverse  strife  become  more  distinct  and  approach  each 
other.    From  this  it  may  be  concluded,  that,  in  the  contraction,  the 
principal  phenomenon  consists  in  the  fibrils  becoming  shorter  and 
broader,  and  that  by  this  means  the  above-mentioned  alterations  of 
the  fibres  are  brought  about.    Moreover,  the  appearance  of  trans- 
verse stride  is  obviously  a  physical  and  not  a  vital  phenomenon,  for 
they  are  seen  in  dead  muscles ;  and,  consequently,  do  not  depend 
upon  partial  contractions  of  the  fibrils.     They  seem  rather  to 
arise  from  the  fibrils  not  being  homogeneous  throughout,  but 
divided  into  small  segments.    At  the  same  time,  on  the  opposite 
hypothesis,  they  may  be  explained  by  supposing  that  the  fibrils  are 
soft  threads  which,  during  these  contractions,  bend  in  a  zigzag  or 
undulating  manner,  or  acquire  varicosities.    With  regard  to  the 
sarcolemma,  it  is  probably  non-contractile,  and  serves  merely  as  an 
enveloping  membrane. 

It  would  not  be  suitable  here  to  enter  at  length  on  the  causes 
which  produce  muscular  contraction.    I  shall,  therefore,  confine 
myself  to  the  following  remarks.    It  is  undoubted  that  the  capa- 
bility of  contraction  is  inherent  in  the  muscular  substance,  and  is 
only,  as  it  were,  called  into  play  by  the  nerves  (see  my  experi- 
ments with  Urari  poison,  Virchow,  Archiv,  x.  which  speak  strongly 
in  favour  of  the  inherent  irritability  of  muscle).    On  the  other 
hand  it  is  just  as  certain,  that  hitherto  no  perfectly  decisive  fact  has 
been  brought  forward  to  prove  that  the  striated  muscles  contract 
without  having  been  acted  on  by  nerves.    What  may  be  the  pro- 
cesses which  take  place  in  the  fibrils  during  the  contraction  is  alto- 
gether uncertain;  but,  it  is  to  be  hoped,  that  by  following  out  the 
investigation  of  the  laws  of  the  electric  currents  in  the  muscles,  in 
the  way  so  successfully  pursued  by  Du  JBois  Reijmond,  some  light 
may  be  thrown  upon  this  obscure  subject.    It  would  be  rash  to 
hazard  an  opinion  on  the  manner  in  which  the  nerves  act  upon  the 
muscles,  since  the  processes  which  take  place  in  the  nerves  are  as 
obscure  as  those  in  the  muscles  themselves.    This  much  may, 
however,  be  remarked,  that  since  it  is  shown  that  in  many  animals 
the  motor  nerves  come  into  contact  with  the  individual  fibres  only 
at  a  few  points,  and  never  penetrate  into  their  interior,  the  nerves 
must  exert  their  influence  at  a  certain  distance  in  the  contraction 
of  a  muscle.     An  important  observation   has  been  made  by 
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Duchenne,  that  in  atrophied  muscles  no  longer  obeying  the  will, 
the  atrophy  may  be  corrected  by  the  employment  of  galvanism 
regularly  continued,  so  that,  finally,  such  muscles  again  become 
subject  to  the  will.  If  the  statement  of  Duchenne  be  confirmed, 
that  the  same  thing  may,  in  some  measure,  be  effected  in  muscles 
which  have  ceased  to  contract  when  stimulated  by  galvanism,  it 
seems  difficult  to  avoid  the  conclusion,  that  in  these  cases  the  gal- 
vanism acts  directly  on  the  muscular  fibres,  and,  by  in  some  way 
affecting  their  nutrition,  renders  them  capable  of  again  performing 
their  functions. 

The  muscles  also  possess  sensibility,  but  of  a  peculiar  kind,  inas- 
much as  punctures,  burns,  and  cuts  of  their  substance  do  not 
occasion  notable  pain ;  whilst,  on  the  other  hand,  ali  muscles  are 
painful  after  long-continued  action,  or  when  affected  with  cramp, 
and  become  very  sensitive  to  pressure.  They  also  possess  a  very 
fine  sensation  of  their  own  condition  of  contraction,  and  very  slight 
variations  in  the  force  exerted  by  them  may  be  discriminated. 
This  apparent  contradiction  is  explained  by  the  fact,  that  the 
muscular  nerves  contain  but  few  sensitive  fibres,  as  may  be  easily 
demonstrated  in  the  nerves  of  the  ocular  muscles  for  instance. 
These  fibres,  to  which  those  above- described  as  scantily  distributed 
over  the  whole  muscle  probably  belong,  are  too  sparing  in  numbers 
to  make  a  muscle  sensitive  to  local  influences,  but  suffice,  when 
they  are  implicated  by  the  contraction  of  the  whole  muscular  mass, 
to  convey  to  the  sensorium  a  notion  of  the  degree  of  pressure 
which  they  suffer,  and,  in  over-exerted  muscles,  to  occasion  pain, 
in  consequence  of  the  oft-repeated  irritation,  or  of  the  compression 
they  undergo  from  rigidity  of  the  muscles. 

In^  investigating  the  muscles,  it  is  necessary  to  study  tkem  in  the  fresh 
condition,  and  also  when  treated  with  various  re-agents.  -  Muscular ßbres  are 
most  readily  isolated  in  muscles  which  have  been  boiled,  or  preserved  in 
alcohol,  on  which,  also,  the  transverse  striae  are  very  beautiful ;  likewise  after 
treatment  with  corrosive  sublimate  or  chromic  acid.  For  the  study  of  the 
transverse  striae,  it  is,  moreover,  indispensable  to  examine  muscles  in  various 
conditions  of  extension  and  contraction.  The  observation  of  the  first  point 
is  highly  instructive,  and  may  be  easily  carried  out  by  examining  a  thin, 
slender  muscle,  such  as  the  hyo-glossus  of  a  frog  in  different  degrees  of 
tension,  upon  an  object-plate  of  wood,  with  an  opening  in  the  middle  filled 
up  with  glass.  With  this  arrangement,  it  may  be  seen  that  when  the  muscle 
is  in  no  degree  stretched,  the  transverse  stria3  are  fine  (0-0004'")  and  very 
close  to  each  other,  and  the  fibres  broad.  Under  full  extension,  on  the 
other  hand,  the  striae  are  o'oooS"'  broad  and  the  same  distance  from  each  other 
and  the  fibres  narrower.  The  contractions  are  to  be  examined  in  fresh  still 
quivering  muscles,  moistened- with  serum,  albumen,  or  vitreous  humour  ;  o-r 
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Fig.  74. 


A  muscular  fibre  of  a  frog,  in  different 
degrees  of  extension.  A.  Stretched  out 
and  thin,  with  broad  distant  striae.  B. 
The  same  not  extended,  thicker,  and  with 
narrower,  closely  approximated  striae. 
Magnified  350  thnes. 


by  Ed.  We'ber's  method,  which  consists  in  galvanising,  by  means  of  the  ro- 
tation-apparatus, the  muscle  to  be  examined,  such  as  the  abdominal  muscles 

and  thin  muscles  of  the  extremities  of  the 
frog,  cutaneous  muscles,  the  diaphragm  of 
small  mammaha,  etc.  For  this  purpose,  the 
muscle  must  be  placed  upon  a  shp  of  looking- 
glass,  from  the  middle  of  which  the  metallic 
coating  has  been  removed  for  a  small  extent ; 
and  while  one  electrode  is  kept  in  connexion 
with  the  metallic  surface  at  one  end  of  the 
muscle,  the  other  electrode  is  applied  to  the 
metallic  covering  at  the  other  end,  and  the 
effect  watched  with  the  microscope. 

The  sarcolemma  can  be  readily  demon- 
strated in  the  muscles  of  amphibia  and  fish, 
particularly  in  those  preserved  in  spirit,  in 
which  it  is  separated  from  the  fibrils  at  va- 
rious points.  In  the  higher  animals,  it  is 
occasionally  seen  on  teasing  out  the  fibres  ; 
further,  in  fibres  which  have  been  macerated  or  boiled,  and  also  on  the  ad- 
dition of  acetic  acid  and  alkahes.  I  can  especially  recommend  caustic  soda 
for  this  purpose,  which,  in  many  cases,  renders  the  contents  of  the  muscular 
tubes  so  fluid,  that  they  flow  out,  together  with  the  nuclei,  in  a  continuous 
stream,  and  then  the  sheaths  come  very  distinctly  into  view.  But  the  sheaths 
are  nowhere  more  beautifully  seen  in  human  muscles  than  in  such  as  are 
softened,  atrophied,  aff"ected  with  fatty  or  other  species  of  degeneration  ; 
and  the  more  so,  indeed,  the  more  advanced  and  decided  is  the  degeneration 
of  the  fibrils. 

In  fresh  muscles,  the  muscular  fibrils  may  always  be  seen  in  transverse 
sections  (amphibia),  and  in  the  thoracic  muscles  of  insects  ;  most  beautifully 
in  beetles  (Aiil^crt).  They  may  also  be  seen  elsewhere,  but  only  now  and 
then,  and  in  favourable  circumstances.  They  are  readily  isolated  in  prepara- 
tions preserved  in  alcohol,  especially  in  the  perennibranchiata  (siredon, 
proteus,  etc.),  by  treatment  with  chromic  acid  (Hannover),  by  maceration  for 
from  eight  to  twenty-one  days  at  a  temperature  of  i°  to  8°  R.  in  water,  to 
which  some  corrosive  sublimate  has  been  added,  to  prevent  putrefaction 
(Schwann)  ;  maceration,  also,  in  saliva  (He?ilc)  allows  of  their  being  readily 
demonstrated  ;  whilst,  according  to  Frerichs,  in  the  stomach,  the  fascicuH 
break  up  into  Bowman's  discs,  or  at  least  break  in  the  transverse  direction  ; 
and  this,  according  to  Lchj/iann,  also  takes  place  by  maceration  in  concentrated 
nitric  and  hydrochloric  acids,  in  nitrate  of  the  protoxide  of  mercury  (which, 
after  it  has  acted  for  a  time,  colours  the  contents  of  the  fibres  red,  but  not 
the  sarcolemma),  and  in  carbonate  of  potash.  The  nuclei  of  the  muscular 
fibres  can  be  best  studied  on  the  addition  of  acetic  acid  ;  they  may  be  isolated 
by  caustic  soda  (see  above),  and  they  swell  up  under  the  operation  of  potash 
(Bonders).  Respecting  the  action  of  various  re-agents  upon  the  muscular 
elements,  the  treatises  of  Bonders  (HolVdnd.  Beitrüge),  Paulsen  (Oljserv. 
Microchem,  Dorp.,  1849),  and  Lehmann  (Phys.  Chem.,m.m),  may  be  con- 
sulted. The  vessels  of  the  muscles  are  studied  in  thin,  fresh  muscles,  and  in 
injected  preparations  ;  the  nerves  maybe  seen  in  the  smallest  human  muscles. 
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in  the  muscles  of  small  mammalia,  in  the  cutaneous  muscle  on  the  thorax  of 
the  frog,  with  and  without  the  addition  of  caustic  soda.  The  perimysium,  and 
the  form  and  position  of  the  muscular  fibres,  are  very  beautifully  exhibited 
in  transverse  sections  of  half  dried  muscles.  The  same  remark  applies  to  the 
elementary  tissues  of  the  tendons.  The  attachments  of  the  latter  to  the 
bones  and  their  cartilage-cells  in  such  places  — in  the  tendo  Achillis,  for 
example— are  readily  seen  in  perpendicular  sections  of  dried  preparations. 
Respecting  their  relation  to  the  muscular  fasciculi,  see  §  8i.  For  the 
investigation  of  the  cartilage-cells  in  the  tendons,  horizontal  sections  are 
made  at  the  surface,  and  treated  with  acetic  acid  or  very  diluted  caustic 
soda.  Eor  the  study  of  the  development  of  muscle,  the  naked  amphibia  are, 
above  all,  to  be  recommended,  the  mammalia  being  not  so  well  adapted  for 
the  purpose. 

Literature.— In  addition  to  the  treatises  cited  in  §  30,  the  following  may 
be  consulted.  H.  R.  Ficmus,  de  Fibroe  mMseularis  Forma  et  Strnctura  Diss., 
maug.  LipsicB,  1836,  4,  cum  tab.  Ed.  Weber,  in  R.  Wagner's  Handwdrterb. 
der  Phys.,  Bd.  iii.,  2  Abth.,  1846.  Dobie,  in  Ann.  of  Nat.  Hist,  2  Ser.  iii., 
1849.  Lebert,  in  Ann.  d.  Sc.  N.,  1850,  p.  205.  Aubert,  in  Zeitsclir.f.  Wiss. 
^0<iv.  p.  388.  Stannius,  in  Q6tt.  Nachr.,  1852,  No.  17;  and  Zeitsclir.f. 
Wiss.  Zool,  iv.,  fig.  252.  Donders,  in  Ned.  Lancet,  3  Ser.  i.,  Jahrg.,  p.  556. 
Gairdner  and  Barlow,  in  Monthly  Journal,  1853,  pp.  278,  872.  Ecker,  Leon. 
Phys.,  Tab.xii.  Funke,  Atlas  der  Phys.  Chem.,  Tab.  x.  Kölliker,  Zeitschr. 
/.  Wiss.  Zool,m.Yni.ix.  Savory,  in  Phil.  Transact.,  1856.  A.  Rollet,  in 
Proc.  of  the  Acad,  of  Vienna,  1856. 


Of  the  Osseous  System. 

§  88.  The  osseous  system  consists  of  a  numerous  collection  of 
hard  organs,  the  hones  (ossa)  having  a  peculiar,  uniform  structure, 
which,  either  directly,  or  by  means  of  other  parts,  as  cartilages, 
ligaments,  or  articular  capsules,  are  united  to  form  a  connected 
whole  —  the  osseous  frameicork,  or  skeleton. 

In  man,  the  osseous  tissue  exists  in  two  forms,  compact  and 
spongy.  The  former  is  solid  only  in  appearance ;  for  even  with  the 
naked  eye,  fine  canals  may  be  seen  penetrating  it  in  various 
directions,  and  many  still  finer  are  discovered  by  microscopical 
exammation.  These  vascular  or  Haversian  canals  ('medullary 
canals'  of  authors)  may  be  said  to  be  almost  wholly  absent  in 
the  spongy  substance,  being  there  represented  by  wider,  rounded, 
or  elongated  spaces  filled  with  marrow  (in  some  bones  with  veins 
and  nerves  [cochlea']).  These  are  called  medullary  spaces,  or 
medullary  cells  (cancelli,  cellulce  medulläres),  and  are  visible  without 
the  aid  of  magnifying  powers.  They  all  communicate  with  each 
other,  and  are  surrounded  by  a  small  quantity  of  osseous  tissue, 
which,  assuming  the  form  of  fibres,  lamina,  and  trabecule,  is  so 
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disposed  as  to  constitute  a  pretty  regular  network.  ^  If  ^tlie  spaces 
are  larger,  the  substance  is  called  substantia  cellularis ;  if  they  are 
smaller,  substantia  reticularis.  The  latter,  in  some  places,  where 
its  spaces  become  narrower,  and  the  osseous  trabeculse  thicker, 
approximates  in  structure  to  the  compact  osseous  substance, 
without,  however,  being  really  converted  into  it,  and,  in  other 
places,  passes,  without  any  sharp  line  of  demarcation,  into  compact 
tissue.  This,  however,  does  not  prove  that  both  are  identical, 
but,  as  shown  by  their  development,  simply  depends  upon  the 
circumstance,  that  the  spongy  substance  frequently  arises  from 
the  opening  up  of  the  compact  by  partial  absorption.  The  above- 
mentioned  two  substances  are  very  variously  concerned  in  the 
formation  of  the  bones  and  different  parts  of  bones.  The  com- 
pact substance  is  found  alone  and  without  vascular  canals,  only 
in  a  few  places,  as  in  the  lamina  papyracea  of  the  ethmoid  bone, 
some  parts  of  the  lacrymal  and  palate  bones,  etc. ;  but  more  fre- 
quently with  vascular  canals,  as  in  the  thinnest  parts  of  the 
scapula,  ilium,  acetabulum,  and  flat  cranial  bones  (ala  magna, 
parva,  processus  orhitalis  ossis  frontis)  in  many  individuals.  Spongy 
tissue,  with  a  thin  compact  cortex  without  vascular  canals,  exists 
in  the  ossicles  of  the  ear,  on  all  the  surfaces  of  bones  which  are 
covered  with  cartilage,  and  perhaps,  also,  in  small  spongy  bones. 
In  all  other,  and,  therefore,  the  most  numerous  cases,  the  two 
substances  occur  together,  but  in  a  such  a  manner,  that  sometimes 
the  spongy  substance  preponderates  (spongy  bones  and  parts  of 
bones),  as  in  the  vertebrcB,  carpus  and  tarsus,  sometimes  the 

Fig.  75. 


Segment  of  a  transverse  section,  from  the  diaphysis  or  shaft  of  the  fem^^T  of  an  individual 
eighteen  years  old ;  magnified  25  times,  a.  Haversian  canals ;  h.  opening  of  the  same 
inwards  ;  c.  outwards;  d.  osseous  substance  with  lacunae.  No  transverse  sections  of  vas- 
cular canals  or  principal  lamellae  are  seen. 

compact,  as  in  the  diaphyses  of  the  long  bones;  or  both  are 
present  in  about  the  same  proportion,  as  in  the  flat  bones. 
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§  89.  Intimate  Structure  of  the  Osseous  Tissue. — The  osseous 
tissue  consists  of  a  dense^  for  the  most  part  indistinctly  stratified 
basal  substance  or  matynos,  penetrated  by  vascular  canals,  and  of  many 
small  microscopic  spaces,  the  hone-cavities^  lacunce  (bone-corpuscles 
of  authors) J  furnished  with  fine  hollow  processes,  the  canallculi. 

The  vascular  canals  of  the  hones ^  or  the  Haversian  canals  (me- 
dullary canals  of  authors),  are  fine  tubes,  of  an  average  breadth 
of  0*0 1'"  to  0'05'",  but  varying  from  o'oo^"  to  o-i8'",  which, 
except  in  the  above-mentioned  localities,  are  everywhere  found  in 
the  compact  osseous  substance,  and  form  in  it  a  network  with 
wide  meshes,  similar  to  that  of  the  capillary  vessels.  In  the 
cylindrical  bones,  as  also  in  the  ribs,  the  clavicle,  pubes,  ischium, 
and  inferior  maxilla,  they  run  chiefly  in  a  direction  parallel  to  the 
long  axis  of  the  bone ;  and,  in  longitudinal  sections,  whether 
parallel  to  the  surface  or  perpendicular  to  it,  appear  at  distances 
of  o'od'"  to  o'l^"  apart.  They  are  connected  with  each  other  by 
small  branches  running  obliquely  or  transversely,  as  well  in  the 
direction  of  the  radius  as  that  of  the  tangent  of  the  transverse 
section.  Accordingly,  in  a  longitudinal  section  parallel  to  the 
surface, or  perpendicular  to  it,  there  are  seen,  with  alow  magnifying 
power,  canals  lying  closely  together,  and  principally  longitudinal 
and  parallel  to  each  other.  Here  and  there,  they  are  united  by 
connecting  branches,  so  that  elongated,  and,  for  the  most  part, 
rectangular  meshes  are  formed,  which,  in  the  young  osseous  sub- 
stance, are  disposed  much  more  closely  than  in  the  fully  developed 
layers.  A  transverse  section  shows  chiefly  transverse  sections  of 
the  canals  at  tolerably  regular  distances  from  each  other  (fig.  76), 
and  occasionally,  especially  in  young  bones,  connecting  branches 
in  a  tangential  direction,  and  some  anastomoses  radially.  Foetal 
and  unfinished  bones  present,  in  cross  sections,  almost  no  trans- 
versely cut  canals  (fig.  75),  but  chiefly  such  as  run  horizontally  in 
the  direction  of  the  tangent  and  radius,  so  that  the  bones  appear 
to  be  wholly  composed  of  short  thick  layers,  each  of  which,  on 
close  examination,  is  found  to  belong  to  two  canals,  which  relation 
is  also  indicated  by  a  faint  line  of  separation  in  the  middle  of  each 
layer.  In  man,  this  condition  is  still  observable  in  the  eighteenth 
year. 

In  the  flat  hones,  only  a  few  of  the  canals  run  in  the  direction 
of  the  thickness  of  the  bone,  their  general  course  being  parallel  to 
its  surface,  and  mostly  in  lines  which  may  be  conceived  to  radiate 
from  a  point  (tuher  parietale,  frontale,  upper  anterior  angle  of  the 
scapula,  articular  part  of  the  ilium)  in  a  stellate  manner  towards 
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distinctly  seen  when  they  are  connected  with  these,  running 
parallel  to  them,  and  penetrating  from  without  and  from  within 
into  the  substance  of  the  diaphyses,  so  as  to  be  interposed  between 
the  other  lamellje  in  masses  of  0-02"'  to  0-12'''  in  diameter.  In 
the  interior  of  the  compact  substance,  the  Haversian  systems  of 
canals  in  man  are  usually  so  close  together,  that  the  existence  of 
special  collections  of  lamellse  between  them  is  out  of  the  question  ; 
and  lamellae,  which  in  cross  sections  apparently  run  parallel  to  the 
surface  in  the  situation  referred  to,  will  be  found  almost  always 
to  belong  to  canals  running  horizontally,  for  it  is  but  rarely 
that  more  distinct  intermediate  masses  also  appear  here,  though 
this  is  generally  the  case  in  mammalia ;  moreover,  certain  inter- 
stitial lamellje  may  be  regarded,  with  Tomes  and  De  Morgan,  as 
the  remains  of  Haversian  systems  partly  absorbed.  The  individual 
lamellse  of  the  above-described  systems  have  the  same  thickness 
as  those  of  the  Haversian  canals,  and  their  number  varies  from  10 
to  100. 

Hitherto,  we  have  spoken  only  of  the  diaphyses  of  long  bones. 
In  the  apophyses  of  the  long  hones  the  thin  cortex,  as  was  to  be 
expected,  exhibits  but  few  Haversian  systems  of  lamellse,  although 
these  present  the  same  characters  as  in  other  parts.  The  outer 
fundamental  lamellse  are  scanty;  within,  they  are  wholly  wanting, 
on  account  of  the  spongy  substance  here  present.  In  this,  the 
very  scanty  Haversian  canals  present  the  usual  systems  of  lamellse, 
but  thin,  and  the  remaining  substance,  according  to  the  nature  of 
the  osseous  network,  consists  of  a  lamellated  and.  fibrous  tissue, 
which,  in  general,  has  the  same  course  as.  the  contours  of  the 
medullary  spaces  and  cells.  The  flat  and  short  bones  present,  in 
their  interior,  the  same  arrangement,  whilst  their  cortex  deviates 
from  that  of  the  long,  bones  ,  only  in  this;,  that  the  fundamental 
lamella  in  the  flat  bones  run  parallel  to  both  the  surfaces  of  these 
bones.  The  thickness  of  the  fundamental  lamellse  in  the  cranial 
bones  (parietal  bone)  is  sometimes  the  same  within  and  without, 
viz.,  o-o8'''  to  0*1 6''';  sometimes  they  are  wholly  absent  externally 
in  parts  where  the  bone  is  very  vascular,  and  the  Haversian  lamellse 
extend  almost  to  the  surface. 

With  respect  to  the  intimate  structure  of  the  osseous  lamellse, 
a  sufficiently  thin  section  of  dry  bone,  polished,  and  especially  a 
transverse  one,  usually  presents,  apart  from  the  lacunse  and  canali- 
euli,  an  extremely  fine  but  very  distinct  punctuation  in  the  lamellse, 
which  are  generally  not  very  distinct,  so  that  the  whole  osseous 
tissue  appears  granulated,  and  as  if  composed  of  closely  arranged 
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pale  granules^  of  o'ooo2'''  in  size.  If  water,  or  a  weak  solution  of 
sugar  or  albumen,  be  added  to  a  section^  two  layers,  äs  it  were, 
appear,  in  many  cases,  in  each  lamella,  one  pale  and  more  homo- 
geneous, the  other  darker  granulated,  and  generally  also  striated. 
In  sections  parallel  to  the  surface,  the  bone,  in  many  places, 
appears  almost  entirely  homogeneous,  without  any  trace  of  a 
granular  structure;  in  others,  an  indistinct  granular  aspect,  or 
small  points  (Deutsch),  are  exhibited,  and  with  a  longitudinal 
striation,  which  is  referred  by  Sfiarpey  to  reticularly  united  fibrils. 
Frequently  there  is  also  exhibited,  in  the  cartilage  of  the  decalci- 
fied compact  substance,  a  coarse  fibrous  appearance,  which  arises, 
perhaps,  from  the  fibrous  bundles  of  the  former  blastema.  If 
bones  be  calcined  and  the  fragments  crushed,  small  angular  gra- 
nules, according  to  Tomes,  come  to  view.  They  are,  according  to 
Tomes,  rd  to  ^th  of  the  diameter  of  human  blood-corpuscles ; 
according  to  Todd  and  Bowman,  -göVö""  tAwö"  ' 
obtained  by  boiling  bones  in  a  Papin^s  digester.  From  this,  and 
from  the  granular  appearance  of  fresh  bones,  to  which  also  Tomes 
and  Toc/c?  and  Bowman  call  attention;  further,  from  the  nearly 
equal  size  of  the  granules  seen  here  with  those  demonstrated 
by  Tomes ;  and  lastly,  from  the  circumstance  that  bones,  when 
treated  with  hydrochloric  acid  and  when  calcined,  exhibit  in  both 
cases  a  similarly  continuous  substance  without  interstitial  vacuities, 
it  may  be  assumed  that  the  osseous  tissue,  in  mammalia  and  man, 
consists  of  an  intimate  mixture  of  organic  and  inorganic  com- 
pounds, in  the  form  of  firmly  united  fine  granules;  although  we  do 
not  by  this  mean  to  d-eny  that  perfectly  homogeneous  osseous  tissue 
may  be  found  in  the  lower  animals,  and  in  certain  places  in  the 
higher  (see  Tomes  and  i>ß  Morgan,  I.e.,  pp.  13,  14). 

§  91.  LacuncB  and  Canaliculi. — Scattered  through  the  whole 
osseous  substance  and  in  all  the  lamellse,  there  are  sieen,  iii  dry 
sections,  microscopic  corpuscles  of  the  form  of  cucumber  seeds, 
with  many  fine  branched  and,  in  part,  anastomosing  rays.  These 
corpuscles  are  dark  by  transmitted,  and  white  by  reflected  light, 
which  is  owing,  not  to  a  deposit  within  them  of  calcareous 
salts,  as  was  formerly  believed,  whence  they  were  called  hone- 
corpuscles ,  or  calcigerous  coypuscles,  but  simply  to  their  being 
filled  with  air.  In  fresh  bones,  there  exists  in  every  lacuna  a 
delicate-walled  cell,  completely  filling  it,  with  clear  contents  and  a 
single  nucleus.  This  included  cell  sends  out  many  fine  processes 
into  the  canaliculi,  and  is  connected  with  similar  processes  of 
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neighbouring  cells.  I  call  these  cells,  in  honour  of  their  dis- 
coverer, VircJioivs  bone-cells,  and  will,  further  on,  discuss  their 
great  physiological  importance. 

Although  Virclioiv's  cells  are,  properly,  of  more  importance,  yet, 
in  the  following  description,  we  shall  refer  more  to  the  bone- 
cavities  accurately  surrounding  them,  because  in  the  bones  which 

are  usually  the  subject  of 
examination  the  inclosing 
cavities  are  almost  alone 
visible.  These  are  oval, 
flattened  spaces  of  O'oi'" 
in  medium  length,  o'oo^'" 
broad,  and  0*003'''  thick, 
which,  both  from  their 
borders  and  surfaces,  but 
especially  from  the  latter, 
give  off  a  large  number 
of  very  fine  canals,  of 
0*0005'"  to  o-ooo8"'  in 
diameter — the  canaliculi. 
The  lacunae  are  equally 
numerous  in  both  kinds 
of  the  above-described 
systems  of  lamellae,  and 
are  situated  so  closely  to 
each  other,  that,  according  to  Harting,  there,  are  from  709  to  1120, 
or,  on  an  average,  910  in  a  square  millimeter.  They  generally  lie 
in  the  lamellae,  but  also  between  them,  and  are  arranged,  without 
exception,  with  their  broad  sides  parallel  to  the  direction  of  the 
lamellae.  The  canaliculi  which  proceed  from  them  take  an  irre- 
gular and  often  a  bending  course,  branch  out  in  various  ways,  and 
penetrate  the  osseous  substance  in  all  directions.  For  the  most 
part,  however,  they  pass  from  the  two  surfaces  of  the  lacunae 
straight  through  and  across  the  lamellae,  and  also  from  the  two 
poles  of  the  lacunae  in  a  direction  parallel  to  the  Haversian  canals. 
It  is  only  in  certain  places  that  the  canaliculi  terminate  in  blind 
extremities ;  in  all  other  localities  a  certain  number  of  them  ana- 
stomose in  various  ways  with  the  canaliculi  of  neighbouring  lacunae, 
whilst  another  part  open  into  the  vascular  canals,  the  medullary 
cavities  and  spaces  of  the  spongy  substance,  or  terminate  free  upon 
the  surface  of  the  bone.  There  is  thus  formed  a  connected  system 
of  cavities  and  canals  traversing  the  whole  osseous  substance,  by 


Fig.  77. 


From  a  trausverse  section  of  the  diaphysis  of  the  hu- 
merus, magnified  350  times,  a.  Haversian  canals  ;  b.  lacunae 
with  their  canaliculi  in  the  lamellte  of  the  same  ;  c.  lacunae 
of  the  interstitial  lamellae  ;  d.  others  at  the  surface  of  the 
Haversian  systems,  with  canaliculi  going  off  from  one  side. 
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whic]i_,  in  virtue  of  Virchow's  cells  existing  in  them,  the  nutrient 
fluid  secreted  from  the  vessels  is  conducted  even  into  the  densest 
parts. 

The  lacunse  and  their  canaliculi  do  not  present  entirely  the  same 
relations  in  all  parts  of  the  bones.  In  the  lamellse  round  the 
.Haversian  canals^  the  elongated  lacunae^  when  viewed  in  transverse 
sections  (fig.  yj),  are,  by  reason  of  their  curvature,  arranged,  as  it 
were,  concentrically ;  and  their  very  numerous  canaliculi  give  rise 
to  a  very  close  striation  radiating  from  the  vascular  canals.  The 
lacunse  are  sometimes  ex- 
tremely numerous,  sometimes 
more  sparing;  in  the  former 
case,  they  alternate  with  to- 
lerable regularity,  or  are  dis- 
posed in  succession  in  the 
direction  of  the  radii  of  the 
concentric  lamellae ;  but  fre- 
quently they  are  arranged 
very  irregularly,  collected  in 
heaps,  or  separated  by  larger 
intervals.  In  longitudinal 
sections  of  Haversian  canals 
(fig.  78),  the  lacunse  are  seen 
as  narrow  elongated  objects, 
arranged  in  linear  series  and 
disposed  in  several  layers  pa- 
rallel to  the  canals.  They 
are  likewise  provided  with  nu- 
merous canaliculi,  which  pass, 
•for  the  most  part,  directly  in- 
wards and  outwards  (there- 
fore transversely  through  the 
lamellse),  and  a  smaller  portion 

parallel     to    the    long    axis    of  ^^^^^^^I^S  to  the  lamcl]^  of  the  same;  c.  others'. 


Section  parallel  to  the  surface,  from  the  dia- 
physis  of  a  human  femnr ;  magnified  100  times. 
a.  Haversian  canals ;  b.  lacunas  seen  from  the  side. 


le  surface,  in  lamellaj  which  are  cut  hoi'i- 

the   canals.     If  the   section  ^«"taiiy. 

happens  to  fall  on  the  surface  of  a  system  of  lamellse,  the  lacunse 
are  seen  flatways,  and  then  appear  in  the  form  of  beautiful 
rounded,  or  oval,  or  irregularly  outlined  bodies,  with  tufts  of 
canaliculi  (fig.  79),  which  are  directed  towards  the  observer, 
and,  consequently,  appear  more  or  less  foreshortened,  whilst 
a  small  number  of  others  run  along  the  lamellae.  In  the 
thinnest  parts  of  a  section,  there  is  seen  occasionally  a  tuft  of 
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transversely  cut  canaliculi,  witliout  tlieir  appertaining  lacunae, 
which  gives  rise  to  a  cribriform  appearance  (fig.  79,  a).  The 
innermost  lacunse  of  a  Haversian  system  send  all  the  canaliculi 

Fig.  79. 


Section  from  the  parietal  bone.  Lacunae  with  the  canaliculi  seen  from  the  surface  ; 
magnified  450  times.  The  points  upon  the  cavities,  or  between  them,  belong  to  the 
cut  canaliculi,  or  are  the  openings  of  the  latter  into  the  lacunse.  a  a.  Groups  of  trans- 
versely cut  canaliculi,  each  belonging  to  a  lacuna  which  has  been  destroyed  in  the 
preparation  of  the  section.  ,  ' 

arising  from  their  inner  surface  to  the  Haversian  canal,  into 
which  they  thus  open.  From  the  borders  and  from  the  outer 
surface  other  canaliculi  arise,  whirh,  perhaps,  occasionally  ter- 
minate in  blind  extremities,  but  chiefly  anastomose  with  those 
of  the  neighbouring,  and  more  especially  of  the  outer  lacunse. 
Thus,  whilst  all  the  successive  lacunse  are  connected  with  each 
other,  the  network  of  canaliculi  and  lacunse  extends  to  the  outer- 
most lamella  of  the  system,  where  the  lacunse  are  either  connected 
with  those  of  neighbouring  Haversian  systems  or  of  intermediate 
lamellse,  or  end  without  further  connexion.  In  the  latter  case,- 
all,  or  at  least  the  majority  and  the  longest  of  their  canaliculi, 
proceed  inwards,  i.  <?.,  towards  the  vascular  canal  whence  they  are 
supplied  with  nutrient  fluid. 

In  the  interstitial  osseous  substance  between  the  Haversian 
systems,  when  it  is  present  in  small  quantity,  the  lacunse,  few  in 
number,  often  not  exceeding  from  i  to  3,  are  less  regular  in 
arrangement,  and  have  also  a  more  rounded  form.  If  tlie  inter- 
stitial substance  is  distinctly  lamellated  and  in  larger  quantity,  the 
lacunse  are  more  regiilarly  disposed,  with  their  surfaces  parallel  to 
the  lamellse.  The  canaliculi  of  these  lacunse  are  also  connected 
with  each  other,  and  with  those  of  neighbouring  systems.  Lastly, 
in  the  outer  and  inner  fundamental  lamellae,  all  the  lacunse  are 
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arranged  with  tlieir  surfaces  parallel  to  tlie  lamellse^  and,  accord- 
ingly, directed,  for  the  most  part,  inwards  and  outwards.  In 
transverse  sections,  they  present  the  same  characters  as  those  of 
the  Haversian  systems,  but,  except  in  the  smallest  cylindrical  bones, 
are  little  or  scarcely  at  all  curved.  In  sections,  whether  perpen- 
dicular or  parallel  to  the  surface,  they  exhibit  the  sanie  relations  as 
those  above  described,  but  with  this  qualification,  that,  as  might 
have  been  expected,  a  larger  number  of  lacunse  are  seen  flatways 
in  the  same  section,  and  that  the  above-mentioned  cribriform 
appearance,  which  gives  the  bones  a  great  resemblance  to  certain 
sections  of  the  teeth,  is  more  frequently  observed.  The  canaliculi 
of  these  lamellae  partly  anastomose  as  usual  with  each  other,  partly 
terminate  upon  the  outer  and  inner  surfaces  of  the  bones.  Where 
tendons  and  ligaments  are  inserted  into  bones,  the  canaliculi  of 
the  outermost  lacunse  are,  perhaps,  connected  with  the  adjoining 
plasm-cells  of  the  fibrous  tissue,  or  end  in  blind  extremities,  which 
last  condition  is  always  found  in  the  parts  covered  with  cartilage 
(articular  extremities,  ribs,  surfaces  of  the  bodies  of  the  vertebrse, 
etc.).  In  the  trabeculse,  fibres,  and  laminae  of  the  spongy  sub- 
stance, the  lacunse  have  all  possible  directions ;  but  are,  for  the 
most  part,  arranged  with  their  long  axes  parallel  to  those  of  the 
fibres,  trabeculae,  etc.,  and  with  their  surfaces  directed  towards  the 
medullary  spaces.  They  also  here  intercommunicate  by  means  of 
their  canaliculi,  which,  where  they  proceed  from  the  outermost 
lacunse,  open  into  the  medullary  spaces. 

Within  the  lacunce,  Bonders  and  I  found  a  clear,  probably 
viscid  fluid,  with  a  cell-nucleus.  If  bone-cartilage  be  boiled  in 
water,  or  in  caustic  soda,  from  one  to  three  minutes,  these  nuclei 
come  into  view  very  distinctly,  or  dark  corpuscles  appear,  which 
are  to  be  regarded  as  the  contracted  cell  contents,  together  with 
the  nuclei,  and  thus  analogous  to  the  cartilage-corpuscles:  Sub- 
sequently, Virchow  {seeWwzb.  Verh.^  'No.  13)  discovered  that  the 
lacunae  and  canaliculi  can  be  isolated  by  macerating  bones  in  hydro- 
chloric acid  as  stellate  cells ;  a  fact  which,  although  confirmed  by 
me  and  others,  was  not  fully  appreciated  until  the  doctrine  of  the 
primordial  utricle  was  applied  by  Remak  and  me  to  animal  cells, 
and  Virchow  had  demonstrated  the  conversion  of  plasm-cells  into 
bone-cells.  Accordingl}^,  Virchoiv's  bone-cells  are  to  be  ranked 
with  the  primordial  utricles  of  the  cells  of  ossifying  cartilage,  and 
the  plasm-cells  of  periosteal  deposits ;  whilst  the  lacunae,  in  the 
latter  case,  simply  represent  gaps  in  the  matrix  or  basal  substance ; 
but  in  the  former,  are  cavities  within  the  thickened  capsules  or 
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secondary  cell-membranes  of  tlie  cartilage-cells,  which  membranes 
have  become  ossified  and  coalesced  with  the  intermediate  substance. 
In  the  cement  of  the  tooth  of  the  horse,  the  secondary  capsules, 
as  I  find,  can  also  be  isolated  with  the  bone-cells  by  maceration  in 
hydrochloric  acid. 

Tomes  and  De  Morgan  describe  in  the  circumferential  laminse  of  bones 
a  peculiar  kind  of  canaliculi,  in  form  of  elongated  tubes,  which  pass  in 
bundles  or  singly,  more  or  less  obliquely  from  the  surface  towards  the  interior 
of  the  bone.  When  long,  they  are  sometimes  bent  once  or  twice  at  a  sharp 
angle.  They  have  parietes,  and  are  connected  laterally  with  the  canaliculi. 

§  92.  Periosteum.  —  This  is  a  slightly  glistening,  yellowish- 
white,  vascular,  extensile  membrane,  which  covers  the  greater  part 
of  the  surface  of  the  bones,  and  from  the  numerous  vessels  which 
it  sends  into  their  interior,  is  of  the  greatest  importance  for  their 
nutrition. 

The  periosteum,  which  is  sometimes  thicker,  sometimes  thinner, 
presents  almost  everywhere,  excepting  only  where  muscles  arise 
directly  from  it,  two  layers,  which,  although  firmly  united  to  each 
other,  can  be  more  or  less  perfectly  distinguished  by  their  struc- 
ture. The  outer  layer  is  formed  principally  of  connective  tissue, 
and  occasionally  a  few  fat  cells,  and  is  the  principal  seat  of  the 
vessels  and  nerves  belonging  to  the  membrane ;  whilst  in  the  inner 
layer,  elastic  fibres,  generally  of  the  finer  kinds,  form  continuous 
and  often  very  dense  net-works  —  in  fact,  real  elastic  membranes 
superimposed  in  several  layers  —  the  connective  tissue  forming  the 
less  important  element.  Nerves  and  vessels  also  occur  in  this 
layer,  which,  however,  only  pass  through  it,  being  destined  for 
the  bone  itself. 

§  93.  ÄIarro2ü.—Th.e  marrow,  which  is  found  in  all  the  larger 
cavities  of  the  bones,  with  the  exception  of  most  of  the  Haversian 
canals,  and  the  smaller  nervous  canals  of  the  flat  cranial  bones, 
appears  in  two  forms,  namely,  yellow 
and  red.  The  former  is  found  as  a 
soflish  mass,  especially  in  the  long 
bones,  and  consists  of  96-0  fat,  i*o 
areolar  tissue  and  vessels,  and  3*0  of 
fluid  with  extractive  matters ;  whilst 
the  latter  occurs  in  many  apophj^scs, 

in   the  flat   and   short  bones,  but  above         Two  fat  cells,  from  the  marrow  of 

tlie  human  thish-hone ;  magnified 

all  in    the   bodies   of  the  vertebrae,  the      350  tmies.    «.  Nucleus;  Ä,cell-mem- 

brane  ;  c.  contained  oü-glohule. 
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base  of  the  cranium,  the  sternum,  etc.;  and  in  addition  to 
its  reddish  or  red  colour  and  slight  consistency,  is  characterised 
by  its  chemical  properties.  According  to  Berzelius,  that  of  the 
diploe,  contains  75*0  water,  25-0  solid  substance,  namely,  albu- 
men, fibrin,  extractive  matter  and  salts,  and  only  traces  of  fat. 
The  yellow  medulla  consists,  apart  from  vessels  and  nerves,  of 
areolar  tissue  and  fat-cells ;  the  red,  on  the  other  hand,  of  a  small 
quantity  of  areolar  tissue,  numerous,  slightly  reddish,  small  cells, 
which  I  call  medullary  cells,  and  fat-cells  with  a  large  quantity 
of  fluid. 


§  94.  Connections  of  the  Bones.  A. 
without  articulation,    i.  By  Suture.  In 
this  mode  of  articulation,  the  bones  are 
united  by  a  very  thin  whitish  mem- 
branous   strip   of    connective  tissue, 
which,  as  long  as  the  bones  continue 
to  grow,  is  very  conspicuous.  After- 
wards, this  sutural  ligament  becomes 
thinner,  and  disappears  with  the  obli- 
teration of  the  sutures.    2.  Connection 
hy  ligaments.    Syndesmosis  is  effected 
by  fibrous  and  elastic  ligaments.  The 
fibrous   ligaments  constitute  the  ma- 
jority of  ligaments,    are  white  and 
glistening,  and  agree  in  their  struc- 
ture, partly  with  aponeuroses  and  mus- 
cular ligaments,  partly  with  the  true 
tendons.     The  chief  elastic  ligaments 
(fig.  81),  are  the   ligamenta  suhflava 
between  the  arches  of  the  vertebrae  and 
the  lig.  nuchce.     The  former  are  yel- 
lowish, very  elastic,  strong  ligaments, 
the  elastic  elements  of  which,  com- 
posed of  rounded  polygonal  fibres  of 
0-00 15'"  to  0-004'"  thick,  united  to 
form  a  close  net-work,  extend  parallel 
to  the  long  axis  of  the  vertebral  column, 
and  occasion  the  longitudinally  fibrous 
appearance  of  the  ligaments.  Between 
these  fibres,  which  are  disposed  neither 
in  the  form  of  fasciculi  nor  in  lamellse, 

N 


Synarthrosis,  connection 


Fig.  81. 
A 


A.  Transverse  section  of  a  part 
of  the  lig.  nuchce  of  the  ox,  magni- 
fied 350  times,  and  treated  with 
caustic  soda.  a.  Areolar  tis- 
sue appearing  homogeneous,  b. 
Transverse  sections  of  the  elastic 
fibres  (of  0-004  to  0  01  of  a  line  in 
diameter),  B,  a.  Elastic  fibres 
from  one  of  the  human  lig.  suh- 
flava, together  with  some  areolar 
tissue,  h,  between  them.  Magni- 
fied 450  times. 
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but  are  connected  throughout  the  entire  thickness  of  a  yello^y 
ligament,  there  are  found  lax  undulating  fasciculi  of  connective 
tissue   in   small  proportion.     3-  By  Cartilage.  Synchondrosis. 
This  mode  of  connection  is  effected  by  cartilage,  either  alone  or 
alono-  with  fibro-cartilaginous  and  fibrous  masses.     The  former 
occurs,  in  the  adult,  only  in  the  ribs,  of  which,  however,  only 
the  first  is,  properly  speaking,  connected  to  the  sternum  by  a 
true  synchondrosis;  the  remaining  true  ribs  being  connected,  at 
their  anterior  extremities,  by  moveable  articulations  with  the 
sternum,  and  the  false  ribs  being  partly  articulated  with  each 
other,  and  partlv  ending  quite  free.    The  costal  cartilages  consist 
of    the    ordinary   cartilage-substance,  but   exhibit,  m  certain 
places,  a  fibrous  matrix,  and  for  the  most  part  cartilage-cells  con- 
tainino-  fat.    In  the  symphysis  ossium  pubis,  the  synchondrosis 
sacroMiaca,  and  the  junctions  of  the  bodies  of  the  vertebra,  there 
exists,  immediately  upon  the  bone,  a  layer  of  true  cartilage,  which, 
in  the  two  former  localities,  is  connected  with  that  of  the  opposite 
side  immediately,  but  in  the  latter  by  means  of  a  fibro-cartilagmous 
tissue,  which,  in  the  middle,  forms  a  soft  nucleus.    They  are  sur- 
rounded externally  by  concentric  layers  of  fibro-cartilagmous  and 
fibrous  substances.    In  the  interior  of  these  connecting  substances, 
there  frequently  exists,  in  the  two  former  instances,  a  narrow  ca- 
vity, so  that  both,  but  more  especially  the  sacro-ihac  synchon- 
drosis,  may  be  regarded  as  a  kind  of  joint. 

The  intervertebral  ligaments  are  subject  to  various  kinds  of  degeneration  ; 
they  become  ossified  from  their  cartilaginous  lamelh^  outwards  so  that  two 
vertebra  are  often  found  anchylosed  ;  they  become  atrophied  and  brittle,  and 
break  down,  either  in  the  central  portion,  or  in  other  circumscribed  spots 
into  a  dirty  pultaceous  matter  ;  finally,  although  they  have  no  vessels  in  the 
normal  condition,  they  seem  to  acquire  them  in  a  morbid  condition  ;  at  least, 
efi-usions  of  blood  are  not  unfrequently  found  in  them  in  small  spots  near  or 
in  connection  with  the  bone.    The  costal  cartilages  are  very  frequently  ossi- 
fied in  old  age  :  yet  this  ossification,  as  well  as  the  fibrillation  of  their  matnx, 
Is  not  be  regarded  as  a  normal  process,  to  be  ranked  with  ordmary  ossifi- 
cation    Their  ossification  is  sometimes  more  limited,  sometimes  more 
extended.    In  the  former  case,  it  often  does  not  go  beyond  the  incrustation 
of  the  cartilage  cells  and  matrix,  which  has  become  fibrous  ;  m  the  latter 
(and  frequently,  too,  in  the  former),  the  ossification  is  preceded  by  the  for- 
mation of  hollow  spaces,  and  of  a  marrow  with  vessels,  in  the  cartilage  which 
are  partly  connected  with  those  of  the  perichondrium,  partly  with  those  of 
the  osseous  part  of  the  ribs.    The  osseous  substance  is  similar  to  the  normal 
tissue,  but  almost  always  darker  and  less  homogeneous,  and  its  lacunae,  which 
often  contain  granular  calcareous  precipitates,  are  not  so  well  developed. 
Under  the  name  cartilage-marrow,  are  understood  the  marrow-cel  s,  lat-cells, 
bundles  of  connective  tissue  and  vessels,  which  appear  m  the  place  oi  the 
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dissolved  and  abstracted  cartilage-substance,  and  which  may  be  said  entirely 
to  agree  with  those  of  developing  foetal  bones,  and  may  be  readily  observed 
in  the  ossifying  costal  and  laryngeal  cartilages. 

B.  Connection  hy  Articulation.    Diartfirosis. — The  articular  ex- 
tremities of  the  bones,  or  such  parts  of  their  surface  as  enter  into 
the  formation  of  a  joint,  are  covered  with  a  thin  layer  of  cartilage, 
which  is  firmly  attached  by  a  rough,  depressed,  or  prominent 
surface  to  the  bone ;  and,  on  the  opposite  side,  is,  in  great  part, 
naked  and  directed  towards  the  articular  cavity,  but  in  part  covered 
by  a  special  coat  —  a  perichondrium — which,  as  a 
prolongation  of  the  periosteum,  extends  over  a 
small  part  of  the  cartilage,  and  then  gradually 
terminates  without  a  well-defined  border.    In  its 
intimate  structure,  articular  cartilage  presents  a 
finely   granular,   in   part,  almost   homogeneous  ^' 
matrix,  and  imbedded  in  this,  thin- walled  car- 
tilage-capsules.   These,  at  the  surface,  are  nu- 
merous and  flat,  and  lie  with  their  planes  parallel 
to  it;  further  inwards,  they  become  oblong  or 
roundish,  and  more  scanty,  and  are  disposed  in  c 
various  directions;  and,  finally,  in  the  vicinity  of 
the  subjacent  bone,  they  are  elongated  and  di- 
rected perpendicularly  to  it.    All  these  capsules 
have  distinct  walls,  which,  especially  on  the  addi-  ,/ 
tion  of  acetic  acid,  are  readily  distinguishable 
from  the  matrix,  and  contain  in  their  interior, 
viz.,  in  the  primordial  utricle,  or  proper  cartilage- 
cell,  a  clear  substance,  often  granular,  but  still  f 
with  little  fat,  and  vesicular  nuclei.    They  are 
isolated  or  in  groups,  and  very  frequently  contain 
two,  four,  or  even  more  secondary  cells,  which,  in 
the  flat-cells,  are  disposed  alongside  each  other,  oFT^'^aSL'^cSr. 
but  in  the  elongated  ones,  in  linear  series.    On  ^fp^^boieTSÄ 
the  condyle  of  the  lower-jaw  and  the  glenoid  jferficlTflaf SiaS-" 
cavity  of  the  temporal  bone,  there  is  found,  so  e?!\'.?nnJrmosÄ 
long  as  the  bone  is  not  fully  developed,  a  thick  fa^"^and  ^"^f'fma'ii 
layer  of  well-marked  cartilage  capsules,  covered  k;ir'of  äe 
towards  the  joint  by  a  layer  of  connective  tissue.  aad^twSSbd^S-' 
This  cartilage-layer  shrinks  away  the  more  the  S^by  iLiuded  a^i? 
bone  approaches  its  full  development,  and  at  last  ^' m^duiia^'fJc^''^^ 
there  remains,  under  the  layer  of  areolar  tissue, 
which  has  become  relatively  and  absolutely  thicker,  only  a  very 
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thin  and  translucent  layer,  whose  elements,  although,  morpho- 
logically, not  true  lacunae,  and  also  not  ossified,  are,  nevertheless, 
much  more  nearly  related  to  lacunae  than  to  cartilage- cells.  ^  Ac- 
cording to  Bruch,  the  covering  at  the  sternal  end  of  the  clavicle  is 
also  fibrous.  The  part  of  the  articular  cartilage  next  to  the  bone 
presents  an  osseous  layer,  possessing,  as  Sharpey  pointed  out,  the 
structure  of  cartilage  but  with  the  matrix  calcified,  and  thus 
exhibiting,  when  decalcified,  a  difl'erent  texture  from  that  of  the 
ordinary  bone  beneath  (see  also  Tomes  and  De  Morgan).  The 
cartilaginous  borders  of  the  articular  cavities  principally  con- 
sist of  connective  tissue,  but  invariably  contain  a  few  cartilage-cells. 
Articular  cartilages,  except  during  the  period  of  development, 
as  will  be  hereafter  explained,  contain  no  vessels  or  nerves. 

Tn  the  foetus,  about  the  middle  of  embryonic  life,  the  vessels  of  the 
synovial  membrane  are  said  by  Toynbee  {Phil.  Transact.,  1841) 
to  pass  much  further  upon  the  articular  cartUages;  of  which, 
however,  in  the  humerus  of  five  to  six  months'  foetuses,  and  also  in 
new-born  infants,  I  could  not  convince  myself.    In  pathological 
conditions,  endogenous  cell-formations  occur  in  remarkable  per- 
fection, and  more  especially  in  the  velvety  condition  of  articular 
cartilages,  in  which  the  mother-cells,  frequently  of  very  consider- 
able size,  with  one  or  two  generations  of  cells,  and  also  containing 
fat,  lie  tolerably  free  in  a  fibrous  matrix,  and  can  be  readily 
isolated.    In  adults,  the  articular  cartilages  are  destitute  of  vessels, 
although  the  vessels  of  the  synovial  membrane,  at  their  borders, 
often  extend  for  some  distance  over  them.    That  which  Liston 
[Medico-Chir.  JVan.?.,  vol. v.,  2nd  series.  Lond.  1840,  p.93)  describes 
as  pathologically-developed  cartilage-vessels,  which  pass  from  the 
bone  in  parallel  lines  into  the  cartilage,  and  then,  after  forming 
loops  near  the  surface,  return,  are  doubtless   only  the  normal 
vessels  of  the  cartilage,  which  are  still  well  marked  in  individuals 
sixteen  years  old  (see  infra).    Accordingly,  we  cannot  admit  the 
occurrence  of  inflammation  of  the  cartilages  in  the  adult;  but 
they,  no  doubt,  become  altered  in  morbid  conditions  of  the  ad- 
joining bone,  or  inflammations  of  the  synovial  membrane;  they 
may  split  up  into  fibres,  and  this  with  increase  of  thickness,  for 
Cruveilhier  [Diet,  de  Med.  et  de  Chir.  Prat.,  iii.  514)  saw  the 
fibres  six  lines  in  length,  which  far  exceeds  the  normal  thickness 
of  articular  cartilages.    They  wear  down  readily,  and,  at  last, 
entirely  disappear  (in  suppurations  of  the  bones  or  joints),  so  that 
the  bones  become  denuded ;  they  may  also  sufl'er  partial  loss  of 
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substance^  so  that  ulcerous  breaches  are  formed,  which  may  pe- 
netrate to  the  bone,  or  proceed  from  it. 

§  95.  The  articular  capsules  are  not  shut  sacs,  but  short  and 
wide  tubes,  which  are  applied  with  their  two  open  ends  to  the 
borders  of  the  articular  surfaces  of  the  bones,  and  connect  them. 
The  articular  capsule  is,  in  some  cases,  attached  simply  to  the 
border  of  the  cartilaginous  surface,  and  thence  passes  directly  to 
the  other  bone  {patella,  amphiartJiroses)  ;  in  other  cases,  it  also 
covers  a  greater  or  less  part  of  the  bone  adjoining  the  cartilaginous 
surface,  and  is  then  reflected,  in  order  to  become  connected  with 
the  other  bone,  in  one  of  these  two  modes.  In  neither  case  does 
the  synovial  membrane  rest  immediately  upon  the  hard  structure, 
but  is  more  or  less  closely  adherent  to  the  periosteum,  and,  finally, 
terminates,  without  a  well-defined  edge,  not  far  from  the  border  of 
the  articular  cartilage,  with  the  perichondrium  of  which  it  is  in- 
separably united.  In  point  of  intimate  structure,  the  outer  fibrous 
capsules  entirely  agree  with  the  fibrous  ligaments,  whilst  the 
synovial  membranes  consist  i. :  of  a  layer  of 
connective  tissue  with  fine  elastic  fibres,  and 
not  very  numerous  vessels  and  nerves ;  and 
2.  of  an  epithelium  composed  of  one  to  four 
layers  of  fiattened  cells,  of  0"005'''  to  o-oo8''' 
in  diameter,  with  rounded  nuclei.  These 
membranes  do  not  possess  glands  and  pa- 
pillae, but  they  include  in  their  folds  large 
collections  of  fat  (plicce  adiposes),  and  are 
furnished  with  vascular  processes  (plica  vas- 
culosce),  or  synovial  fringes.  The  former,  at 
one  time  improperly  called  Haversian  glands, 
principally  occur  in  the  hip  and  knee  ioints    Diagrammatic  view  of  a  sec- 

.      ,1       r.              p       11                     n       •  1         T         n  ^  finger-joint,  in  part 

m  tiie  lOrm  01  yellow,  or  yellowish-red,  soft  after  JraoW.  «.  Bones ;  Ö.  arti- 

p  ,  T           ,            .  ,             1       «  1  '^^^'^^  cartilages ;  c.  periosteum 

processes  or  10  ids,  and  consist  merely  01  lar^e  passing  into  the  perichondrium 

. .            n  n  ,       ^^     •                           \             ^  of  the  articular  cartilages  ;  d. 

collections  01  lat- cells  m  more  vascular  parts  synovial   membrane    at  the 

„    ,                  .                                  rrn      1    .  i           •  .  border  of  the  cartilage,  begin- 

01  the  synovial  membrane.    The  latter  exist  ingto  become  connected  with 

,         i     n  •    •    X       XI  11  n   ,x        1    the  perichondrium ;  e.  epithe- 

m  almost  all  joints  ;  they  are  small  flattened  iium  of  the  same, 
projections  of  the  synovial  membrane,  of  a  red  colour  (if  their 
vessels  are  full)  indented  and  plaited  at  their  borders,  and  beset 
with  smaller  processes.  They  are  generally  situated  near  to  where 
the  synovial  membrane  arises  from  the  cartilage,  and  lie  flat  upon 
it,  so  that  they  often  form  a  sort  of  wreath  around  it ;  in  other 
cases  they  are  more  isolated,  and  also  occur  in  other  parts  of  the 
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joints.  Tliey  consist  almost  solely  of  small  arteries  and  veins, 
^itli  capillaries  connected  at  the  borders  of  the  processes  in  form 
of  loops,  and  hence  strikingly  resemble  the  choroid  plexus  in  the 
cerebral  ventricles.  Along  Avith  the  vessels,  they  contain  a 
fundamental  connective  tissue,  often  indistinctly  fibrous ;  they  are 
covered  with  an  epithelium  like  that  of  the  synovial  membrane, 
and  occasionally  include  fat-cells  in  smaller  or  larger  numbers,  and 
more  rarely  isolated  cartilage-cells.  On  their  border  they  almost 
invariably  bear  small,  leaf-like,  conical,  membranous  processes,  of 
the  strangest  forms  (often  resembling  a  cactus-stem),  which  rarely 
contain  vessels,  and  consist,  for  the  most  part,  only  of  an  indis- 
tinctly fibrous  connective  tissue  along  their  axis,  with,  occasionally, 
one  or  two  cartilage-cells  and  an  epithelium  very  thick  in  some 
places.  The  smaller  forms  frequently  consist  only  of  epithelium, 
or  almost  solely  of  connective  tissue. 

The  inter-articular  cartilages  or  ligaments,  and  the  ligaments  of 
the  joints,  consist,  with  the  exception  of  the  soft  ligamentum  teres,  of 
a  firm  connective  tissue,  with  plasm-cells  and  fine  elastic  fibres,  and 
occasionallv,  also,  cartilage -cells,  especially  in  the  case  of  the  first- 
mentioned  structures.  The  synovia  consists  of  a  fluid  containing 
mucus,  and  becomes  tm'bid  on  the  addition  of  acetic  acid.  It 
contains  very  frequently  some  epithelial  cells  which  have  undergone 
the  fatty  degeneration,  the  nuclei  of  such  cells  and  compound 
granular  cells.  In  conditions  not  entirely  normal,  blood  and 
lymph  corpuscles,  and  detached  portions  of  the  syno^^al  fringes 
and  articiüar  cartilages,  together  with  an  amorphous  gelatinous 
substance,  are  found  in  it. 

The  appendages  of  the  synovial  fi'inges,  enlarging  in  size  and  acquiring  a 
firmer  consistence,  may  become  detached  from  their  connection,  and  thus 
give  origin  to  certain  forms  of  the  so-called  loose  cartilages  of  joints.  These, 
which  also  occur  in  the  synovial  bürste  and  the  sheaths  of  tendons,  where,  as 
weU  as  in  joints,  the  vascular  processes  exist,  consist  of  connective  tissue 
with  elongated  nuclei  and  a  covering  of  epithelium,  and  contain,  though  not 
in  all  cases,  a  variable  number  of  scattered  fat -cells  and  true  cartilage-cells. 
They  are  not  developed  externally  to  the  synovial  membrane,  but  are  excre- 
scences of  the  membrane  itself.  Moreover,  it  is  probable  that  loose  sohd 
bodies  may  arise  in  another  manner;  at  least.  Bidder  and  TircTiom  have 
observed  such  bodies,  which  exhibited  no  trace  of  organised  structure.  I  am 
disposed,  with  Yirclion',  to  regard  many  examples  of  these  latter,  in  which  he 
has  actually  demonstrated  fibrin,  as  consisting  of  fibrinous  exudations,  and 
others  as  consolidated  precipitates  from  the  synovia  ;  and  the  latter  ex- 
planation is  supported  by  the  fact  of  the  frequent  occurrence  of  amoii^hous 
gelatinous  masses,  of  greater  or  less  consistency  in  the  tendinous  sheaths  of  the 
hand,  which  concretions  are  evidently  inspissated  synovia.    Pieces  of  bone, 
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also,  broken  off  from  exuberant  growths  around  the  articular  extremities,  may 
escape  into  the  interior  of  the  joint. 

§  96.  Physical  and  Chemical  Feculiarities  of  llie  Bones,  and 
their  Accessory  Organs. — The  bones^  besides  containing  a  small 
quantity  of  water  (according  to  Starh,  3  to  7  per  cent,  in  the 
compact  substance)  and  fat  (2  to  3  per  cent.,  Bibra),  principally 
consist  of  a  substance  yielding  gelatine  and  of  inorganic  con- 
stituents. In  the  adult,  the  latter  constitute  about  two-thirds 
(68-82,  Bibra)  of  the  dry  bone,  and  are  almost  all  obtained  by 
calcination.  In  this  case,  wben  proper  precaution  is  taken,  the 
bone  completely  retains  its  external  form,  but  very  readily  breaks 
down  into  a  white,  opaque,  brittle,  hea^w  powder  —  the  so-called 
bone-earth.  This  consists  chiefly  of  57  to  59  per  cent,  of  tribasic 
phosphate,  and  7  to  8  per  cent,  of  carbonate  of  lime,  some  fluoride 
of  calcium  (traces),  phosphate  of  magnesia,  silica  (traces),  and 
alkaline  salts.  The  substance  of  the  bones  yielding  gelatine  is  the 
so-caUed  bone-cartilage  (cartilago  ossium),  and  constitutes  about 
one-third  of  the  dry  bone.  This  is  obtained  by  treating  a  bone 
with  diluted  hydrochloric  or  nitric  acid,  at  a  low  temperature ;  it 
is  a  soft,  elastic,  yeUo\^-ish,  cartilaginous-like  substance,  which 
corresponds  exactly  to  the  shape  of  the  bone,  and  yields,  when 
boiled,  ordinary  gelatine. 

The  physical  properties  of  the  bones  depend  upon  their  com- 
position. Their  hardness,  denseness,  and  firmness  are  due  to  the 
earthy,  their  elasticity  and  flexibility  to  the  organic  constituents. 
In  healthy  adult  bones,  the  two  main  components  are  united  in 
such  proportions,  that  the  bones,  whilst  sufiiciently  hard  and  firm, 
possess  a  certain,  though  small  degree  of  elasticity,  so  that  they 
have  a  considerable  power  of  resistance,  and  do  not  so  reiy  readily 
break  when  subjected  to  mechanical  violence.  In  early  age,  when 
the  organic  part  is  in  larger  proportion,  their  hardness,  and,  con- 
sequently, their  capability  of  bearing  weight,  is  much  less ;  in  this 
condition,  they  are  more  disposed  to  bend  under  pressure,  whilst, 
on  the  other  hand,  their  greater  elasticity  tends  much  to  save 
them  from  fi'acture.  This  is  the  case,  in  a  much  higher  degree,  in 
rickets,  where  the  organic  constituents  vary  from  between  70  and  80 
per  cent.  In  old  age,  on  the  contrary,  the  bones  become  liarder, 
but,  at  the  same  time,  more  brittle,  so  that  they  break  very  readily, 
although  their  greater  fragility  may  be  partly  owing  to  the  rare- 
faction of  the  tissue  wliich  takes  place  at  this  period.  The  com- 
bustibility of  the  bones  is  due  to  their  organic  basis;  their  opacity, 
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white  colour^  higli  specific  gravity^  and  resistance  to  putrefaction^ 
to  their  inorganic  components.  The  latter^  being  so  intimately 
blended  with  the  animal  constituents^  protect  these  also;  and^ 
accordingly,  bones  from  ancient  graves,  and  those  of  fossil  animals, 
still  retain  their  original  proportion  of  cartilage. 

The  true  cartilages,  and  also  those  of  the  foetus,  contain,  in 
addition  to  their  organic  basis,  50  to  75  per  cent,  of  water,  and 
3  to  4  per  cent,  of  salts  (chiefly  salts  of  soda  and  carbonate  of 
lime,  with  a  little  phosphate  of  lime  and  magnesia).  The  organic 
matter  forming  the  matrix  consists  of  chondrin,  or  cartilage-ge- 
latine ;  but  the  cartilage-capsules,  and  the  cells  which  they  enclose, 
are  insoluble  in  water^  and  resist  the  action  of  caustic  potass  and 
sulphuric  acid  for  a  longer  period  than  the  matrix,  so  that  their 
composition  appears  to  be  different,  and  peculiar  to  themselves. 

§  97.  Vessels  of  the  Bones  and  Accessory  Parts.  A.  Blood- 
vessels. —  Besides  the  numerous  vessels  passing  through  it  on 
their  way  to  the  bones,  the  periosteum  is  famished  with  a 
moderately  close  network  of  capillaries,  of  0-005"'  diameter, 
situate  chiefly  in  its  outer  layer.  The  blood-vessels  proper  to  the 
bone  are  very  numerous,  as  may  be  seen  in  injected  preparations, 
and  still  more  readily  in  fresh  bones,  in  which  they  are  filled  with 
blood.  In  the  long  bones,  the  medulla,  the  spongy  articular  ex- 
tremities, and  the  compact  substance  of  the  shaft^  are  all  nourished 
by  special  vessels.  Those  of  the  medulla,  or  the  vasa  nutritia,  pass 
into  the  bones  through  special  canals,  one  or  two  in  number  in  the 
diaphyses,  but  more  numerous  in  the  apophyses;  and,  after  be- 
stowing a  few  small  vessels  to  the  innermost  Haversian  canals  of 
the  compact  substance,  ramify  in  the  medulla,  and  then  form  a 
genuine  network  of  capillaries,  of  0"004'''  to  0*005  2''''  in  diameter. 
The  vessels  of  the  compact  substance  come,  for  the  most  part, 
from  those  of  the  periosteum,  very  soon  lose  their  muscular  coat, 
and  form  in  the  Haversian  canals,  which  are  sometimes  destitute 
of  other  contents,  sometimes  contain  a  small  quantity  of  marrow, 
a  network  of  wide  canals.  Of  these  canals,  only  a  very  small 
number  can  be  regarded  as  capillaries,  seeing  that  the  majority  of 
them  possess  a  layer  of  areolar  tissue  and  an  epithelium,  and  that 
fine  capillaries  are  present  only  in  the  larger  Haversian  canals, 
along  with  the  main  vessel.  The  venous  blood  passes  out  of  every 
long  bone  at  three  places:  i.  by  a  large  vein  which  accompanies 
the  arteria  nutritia,  and  has  the  same  distribution ;  2.  by  numerous 
large  and  small  veins  at  the  articular  extremities;  3.  by  many 
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small  veins^  which  arise  independently  from  the  compact  substance 
of  the  shaft,  in  which  their  roots,  as  Todd  and  Boivman  correctly 
pointed  out^  occupy  the  wider  spaces  and  the  sinus  or  pouch-like 
excavations,  as  may  be  well  seen  in  polished  sections  of  the  bones. 
All  the  vessels^  both  the  medullary  vessels  of  the  apophyses  and 
diaphysesj  and  the  vessels  of  the  compact  substance^  communicate 
in  various  ways_,  so  that  the  vascular  system  forms  one  continuous 
whole  throughout  the  entire  bone_,  and  the  blood  is  enabled^  pos- 
sibly, to  flow  from  any  one  part  to  all  the  others.  Bichat  ac- 
cordingly (iii.  44),  found  the  medulla  very  well  injected  in  an  in- 
jected tibia,  the  nutrient  arteries  of  which  were  obliterated. 

In  the  short  hones^  the  blood-vessels  present  the  same  relations 
as  in  the  apophyses  of  the  long  ones.  This  is  also  the  case  with 
the  flat  hones ;  only  the  scapula  and  innominate  bone  possess  special 
nutrient  foramina  for  larger  arteries  and  veins^  and  in  all  cases  their 
compact  substance  receives  its  finer  vessels  from  the  periosteum. 
In  the  flat  cranial  bones,  the  veins_,  or  vencB  diplöeticcs,  have  only 
their  roots  free  in  the  marrow,  as  in  other  bones ;  their  trunks, 
branches,  and  larger  ramifications,  on  the  other  hand,  run  sepa- 
rately, mostly,  without  being  accompanied  by  medulla,  in  special, 
arborescent  larger  canals,  the  so-called  Breschet's  bone-canals, 
which  terminate  at  fixed  places  by  large  apertures  (emissoria 
Santorini).  With  regard  to  the  vessels  of  the  cartilages  of  the 
osseous  system,  and  of  the  synovial  membranes,  see  §§94  and  95. 

B.  Lymphatic  vessels  have  been  observed  in  no  part  of  the 
osseous  system  with  certainty,  except  in  the  loose  areolar  tissue 
around  the  articular  capsules,  and  between  the  latter  and  the 
periosteum  of  the  apophyses,  especially  at  the  knee-joint. 

§  98.  Nerves  of  the  Osseous  System. — The  periosteum  is  rich  in 
nerves,  and  although  the  greater  part  of  them  are  destined  for  the 
subjacent  bone,  nevertheless,  apparently,  in  all  bones  there  are 
nerves  which  ramify  in  the  membrane,  occasionally  presenting  divi- 
sions of  the  primitive  tubules,  and  terminating  by  free  extremities. 
These  nerves  are  most  numerous  at  the  articular  extremities  of  the 
bones,  especially  at  the  knee. 

The  bones  themselves,  with,  perhaps,  the  exception  of  the  ossi- 
cula  auditus  and  ossa  sesamoidea,  all  contain  a  considerable  number 
of  nerves.  These  pass  into  the  bones  partly  with  the  nutrient 
arteries,  and  ramify  in  the  marrow,  partly  supply  the  spongv  sub- 
stance of  the  articular  extremities  of  the  long,  short,  and  flat 
bones.  They  are  most  numerous  in  the  apophyses  of  the  large 
cylindrical  bones,  in  the  vertebrse,  and  the  larger  flat  bones. 


i86 


OSSEOUS  SYSTEM. 


[sect.  99. 


With  regard  to  their  origin,  they  come  partly  from  the  cerebral 
and  spinal  nerves,  partly,  also,  from  the  sympathetic.  They  all 
possess  dark-bordered  tubules,  and,  finally,  run  out  into  fine 
branches  with  one  to  two  primitive  fibres,  the  termination  of  which 
has  not  yet  been  ascertained.  In  man,  no  nerves  have  hitherto  been 
found  in  the  ligaments ;  but  the  ligamentum  nuchce  of  the  ox  contains 
some  fine  nerve-fibres.  On  the  other  hand,  the  membrana  interossea 
cruris  possesses  fine  nerve-filaments,  which  come  from  the  anterior 
tibial  nerve.  Of  the  cartilages,  I  have  hitherto  observed  only  in 
the  cartilaginous  septum  nasi  of  the  calf  very  distinct  fine  nervous 
trunks  of  o-oo6'''  to  o'oi'''  in  diameter,  with  fibres  of  o'ooi2'''  to 
0*0016'''  in  thickness,  along  with  the  vessels  (arteries)  in  the  carti- 
lage-canals. In  the  articular  capsules  there  exist  numerous  nerves, 
yet  they  belong  chiefly  to  the  so-called  fibrous  capsules  and  the 
loose  areolar  tissue,  external  to  the  synovial  membranes ;  it  is  only 
in  the  knee-joint  that  I  have  seen  nerves  in  the  proper  synovial 
membrane. 

§  99.  Development  of  the  Bones. — The  bones,  with  reference  to 
their  development,  may  be  divided  into  two  groups,  viz.,  into  those 
'preformed  in  a  cartilaginous  condition  (primary  bones),  and  into 
those  which, /ro?7i  a  small  beginning,  are  gradually  developed  in 
a  soft  blastema  (secondary  bones).  The  former,  even  in  their 
cartilaginous  condition  are  furnished  with  all  their  essential  parts 
(diaphyses  and  apophyses,  bodies,  arches  and  processes)  ;  and  as 
far  as  their  cartilaginous  basis  is  concerned,  are  developed  like 
other  cartilages,  and  like  these,  also  continue  to  grow  more  or  less. 
They  then  ossify ;  a  part  of  the  cartilage  is  completely  transformed 
into  bone,  its  perichondrium  being  converted  into  periosteum ;  and 
from  this  period  onwards,  they  attain  their  ultimate  form,  partly  at 
the  expense  of  the  remaining  cartilage,  which  continues  to  grow 
with  them,  and  to  ossify  successively,  and  partly  by  soft  ossifying 
blastema,  which  is  deposited  layer  after  layer  upon  the  inner  surface 
of  the  periosteum.  The  second  group  of  bones  are  formed  from  a 
very  limited,  soft,  non-cartilaginous  basis,  and  enlarge  at  the  expense 
of  the  latter,  which,  at  first,  extends  itself  only  at  its  borders, 
but  soon  also  increases  at  its  surfaces.  When  these  bones  have 
attained  a  certain  size,  the  blastema,  by  means  of  which  they  had 
hitherto  enlarged,  may  be  partially  converted  into  cartilage,  and 
the  cartilage  so  produced  enter  into  the  same  relation  with  them, 
as  in  other  cases.  The  chief  part  of  their  formative  substance, 
however,  remains  soft,  and  the  main  mass  of  the  bone  arises  from 
it  immediately,  without  having  ever  been  cartilaginous. 
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Although  the  development  of  the  osseous  tissue  has  often  been  treated  of, 
yet  the  manner  in  which  the  bones  originate  as  organs  has  met  with  but 
little  attention  ;  and  in  1849  1850,  H.  Meyer  and  I  were  the  first  to 
follow  them  in  detail,  after  the  principal  features  had  been  ascertained  in 
1846-47  by  Tomes,  8harpey,  Bowman  and  me  {Zürich.  Ilitth.  i.  p.  168).  Quite 
recently,  Bruch,  Virchom,  Brandt,  Tomes  and  Be  Morgan^  and  /£  Müller,  have 
furnished  valuable  additions. 

§  100.  The  original  cartilage- skeleton  of  the  human  body  is  less 
complete  than  the  subsequent  bony  one,  but  is,  nevertheless, 
tolerably  well  developed.  We  find,  as  parts  of  it,  i,  a  complete 
vertebral  column,  with  the  same  number  of  vertebrss  as  in  the 
osseous  one,  with  cartilaginous  processes  and  intervertebral  liga- 
ments; 2,  cartilaginous  ribs,  and  a  cartilaginous,  non-segmented 
sternum ;  3,  entirely  cartilaginous  extremities,  of  the  same  num- 
ber and  external  form  as  the  subsequent  bones,  with  the  single 
exception  of  the  pelvic  cartilage,  which  constitutes  a  single  mass, 
and  the  clavicle,  which  never  exists  in  the  cartilaginous  state 
[Bruch)  ;  4,  an  imperfect  cartilaginous  skull.  This  so-called 
primordial  cranium  forms  originally  a  continuous  cartilaginous 
substance,  corresponding  chiefly  to  the  occipital  bone  (with  ex- 
ception of  the  upper  half  of  the  flat  portion) ,  the  sphenoid  bone 
(except  the  external  lamina  of  the  pterygoid  process),  the  mastoid 
and  petrous  portions  of  the  temporal,  the  ethmoid,  the  inferior 
turbinate,  the  ossicles  of  the  ear  and  the  hyoid  bone.  It  also 
contains  some  cartilaginous  parts  which  never  ossify ;  these  either 
remain  in  this  condition  during  the  whole  period  of  life,  as  the 
most  of  the  cartilage  of  the  nose,  and  the  lesser  cornua  of  the 
hyoid  bone,  or  subsequently  disappear,  as  is  the  case  with  what 
is  named  Meckel's  process ;  also  two  cartilaginous  lamellae  beneath 
the  nasal  bones,  and  a  slender  cartilage  which  connects  the  styloid 
process  with  the  hyoid  bone.  Consequently,  the  vault  of  the 
skull,  and  almost  the  whole  of  the  lateral  portions  are  absent  in 
the  human  cartilaginous  cranium;  further,  almost  all  the  part 
subsequently  occupied  by  the  facial  bones ;  but  at  the  parts  not 
formed  from  cartilage,  the  cranium  is  closed  in  and  completed  by 
a  fibrous  membrane,  which  is  but  a  further  development  of  the 
primitive  soft  skull-capsule.  Thus  the  skull,  although  only  in 
part  cartilaginous,  is  as  complete  at  this  period  as  formerly,  and 
in  this  respect  still  corresponds  to  its  original  condition.  The 
cranium  is  more  completely  formed  of  cartilage  in  some  qua- 
drupeds, as,  for  example,  in  the  pig  and  mouse  (see  my  Mihrosc. 
Anat.). 
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The  cells  of  the  cartilage  are  developed  from  the  primitive  embryonic  cells 
which,  while  they  become  larger,  develop  an  interstitial  substance  between 
them.  The  whole  embryonic  and  subsequent  growth  of  the  cartilage,  is 
owing  to  the  increase  of  this  intermediate  substance  and  the  multiplication 
of  the  cells  (see  §  ii).  The  cartilage-cells  of  the  adult,  accordingly,  are  the 
descendants  of  the  primitive  embryonic-cells. 

§  IOI.  Metamorphoses  of  the  Primitive  Cartilaginous  Skeleton. 
— Of  the  primitive  cartilages,  some  are  further  developed  with  the 
other  portions  of  the  skeleton^  and  become  the  permanent  car- 
tilages of  the  nose,  joints,  symphyses,  and  sj^nchondroses ;  a  few 
disappear  in  the  course  of  development  (certain  cranial  cartilages, 
see  §  lOo)  ;  but  the  greatest  number  finally  ossify  and  form  the 
first  rudiments  of  the  bones  of  the  trunk  and  extremities,  and  of 
a  considerable  portion  of  those  of  the  skull.  Ail  these  bones 
ossify  in  essentially  the  same  manner.  At  one  or  more  points 
{puncta  ossificationis),  a  deposition  of  calcareous  salts  begins  in 
their  interior  contemporaneously  with  an  alteration  of  the  carti- 
laginous elements ;  and  this  metamorphosis,  advancing  in  some  or 
in  all  directions,  continually  converts  more  cartilaginous  parts 
into  bone.  While  this  takes  place,  the  cartilage,  in  most  cases, 
ceases  to  grow  in  one  direction,  and,  consequently,  is  soon  wholly 
converted  into  bone,  but  extends  itself  in  other  directions,  and 
thus  continually  furnishes  new  formative  material  to  the  advancing 
bone,  and  may  become  the  seat  of  new  centres  of  ossification,  as 
in  the  epiphyses  of  the  cylindrical  bones.  Still  the  bone,  after  it 
has  invaded  the  whole  of  the  cartilage,  and  converted  its  perichon- 
drium into  periosteum,  does  not  cease  enlarging;  but  from  this 
period  to  that  of  completed  growth,  a  new  and  peculiar  method  of 
formation  takes  place  in  all  these  places.  This  consists  in  the 
ossification  of  an  organised  soft  formative  substance,  situate  upon 
the  inner  surface  of  the  vascular  periosteum,  and  formed  from  it; 
the  ossification  proceeding  from  the  surface  of  the  bone  outwards 
through  the  soft  substance,  which  in  proportion  as  this  takes  place, 
is  continually  reproduced  from  the  periosteum. 

Recent  observations  of  //.  3fuUer  show  that  the  first  ossification  in  the 
diaphyses  of  the  long  bones  of  the  calf  takes  place  in  the  outeimost  imrts 
of  the  cartilage,  if  not  in  the  periosteal  layer  itself.  The  first  rudiment  of  the 
femur,  for  instance,  has  therefore  the  form  of  a  short  tube  surrounding  the 
primordial  cartilage.  Further  observation  will  show  how  the  ossification 
proceeds  in  this  animal.  The  same  fact  had,  however,  been  observed  by  Uow- 
ship,  in  the  case  of  the  metacarpal  and  phalangeal  bones  of  the  human  embryo, 
and  he  inferred  that  the  cylindrical  bones  of  mammalia  generally  follow  this 
rule.  {Medico-Chir.  Trans.  1819.  Vol,  vi.  pp.  264  and  28 3,  and  PI.  i.  fig.  i.) 
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§  102.  Alterations  in  the  Ossifying  Cartilages. — At  tlie  period 
of  the  ossification  of  a  cartilage^  its  cells^  wliicli  were  liitherto 
small,  and  contained  but  few  secondary  cells_,  begin  to  enlarge, 
and  new  generations  of  cells  are  successively  produced  from  the 
previously  existing  ones.  This  active  vegetative  process  also 
manifests  itself  at  the  ossifying  borders  of  the  bones,  which  are 
already  developed  to  some  extent,  where  the  ceils  next  to  the 
bone  are  found  to  be  larger,  and  are  smaller  the  further  they  are 
removed  from  it.  All  cells  about  to  become  ossified,  possess  only 
moderately  thick  capsules,  and  a  distinct  primordial  utricle  (car- 
tilage-cell) with  clear,  rarely  somewhat  granular  contents,  along 
with  a  distinct  vesicular  round  nucleus,  possessing  a  nucleolus  and 
readily  distinguishable  walls.  They  alter,  however,  very  quickly 
on  the  addition  of  water,  acetic  acid  or  alcohol,  or  by  dessication, 
etc.,  the  contents  and  membrane  of  the  primordial  utricle  con- 
tracting around  the  nucleus,  and  forming  a  rounded,  elongated, 
dentated,  even  stellate,  granular,  dark  body  (cartilage-corpuscle 
of  authors).  Their  size  and  the  mariner  in  which  they  are  grouped, 
varies  not  inconsiderably  according  to  age  and  locality.  With 
regard  to  the  first  point,  they  exhibit  a  continual  increase  during 
embryonic  life,  whilst  after  birth,  their  size  appears  to  remain 
nearly  the  same.  With  reference  to  arrangement,  it  is  a  law, 
that  wherever  cartilages  ossify  only  in  one  direction,  the  cells,  at 
the  border  of  the  bone,  are  arranged  in  roics.  As  has  been  long 
known,  this  is  best  marked  at  the  ends  of  the  diaphyses  of  cylin- 
drical bones,  where  the  rows  lie  very  beautifully  and  regularly 
parallel  to  each  other,  and  are  of  considerable  length.  This 
arrangement  may  also  be  seen  in  many  other  places,  as  soon  as 
cartilages  ossify  only  in  one  direction,  as,  for  instance,  upon  the 
surfaces  of  connection  of  the  vertebrae.  Where,  on  the  other  hand, 
the  osseous  centres  in  the  midst  of  a  cartilage,  enlarge  in  all 
directions,  the  cartilage- cells  are  gathered  into  rounded,  or  oblong, 
irregularly  scattered  groups,  as  in  the  short  bones  at  the  time  of 
their  commencement,  and  in  the  epiphyses. 

By  closely  comparing  the  cells  wdiich  lie  nearer,  and  those  further 
removed  from,  the  borders  of  ossification,  and  the  separate  groups 
which  they  form,  it  becomes  evident,  that  their  peculiar  arrange- 
ment is  directly  connected  with  the  manner  of  their  multiplication. 
Every  separate  group  (or  two)  corresponds,  in  a  certain  measure, 
to  a  single  original  cell,  and  represents  all  the  descendants  which, 
in  the  course  of  development,  have  sprung  from  the  latter.  Now, 
in  some  cases,  all  these  newly-formed  cells  are  disposed  in  one  or 
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Fig.  84. 


two  rows,  and,  wlien  they  have  grown  further,  give  rise  to  the 

above-mentioned   oblong  gronp, 
whilst  in    others   they  form  a 
more   spherical   mass.  During 
these  changes,  the  original  cells 
(primitive  mother  capsules),  some- 
times, through  coalescence  of  their 
outer  cell-membranes  with  the 
surrounding  matrix,  cease  to  exist 
as  peculiar  structures,  sometimes 
not ;  and  the  same  holds  good 
with  those  of  later  generations. 
The  rounded  groups  of  cells  being 
smaller,  usually  retain  their  ori- 
ginal  inclosing   capsule,  which, 
now   greatly    dilated,   may  be 
recognised    as   a   contour  line 
surrounding  them  ;  but  when  the 
cells  are  arranged  in  rows,  the 
membrane  of  the  original  cap- 
I  sule  is  so  blended  with  the  ad- 

j       joining  matrix,  as  to  be  no  longer 
distinguishable.  The  entire  layer, 
^J^  '^l  which  the  above-described,  en- 

larged and  multiplying  cells,  occu- 
py, varies  in  thickness  in  different 
cartilages.  It  is  thin  around  the 
points  of  ossification  of  the  epi- 
physes and  short  bones ;  5  to 
a  line  upon  the  diaphyses.  By 
its  yellowish  translucent  colour, 
and  its  striated,  apparently  fibrous 
matrix  {Braiidt  saw  this  also 
homogeneous),  it  is  everywhere 
distinguished  from  the  other  parts  of  the  cartilage  which  are,  as 
usual,  bluish-white,  with  homogeneous  or  granular  matrix. 

The  appearance  and  progress  of  vessels  in  ossifying  cartilages  is 
an  interesting  phenomenon.  They  are  found,  in  many  places, 
from  the  middle  of  foetal  life  onwards,  preceding,  for  a  shorter  or 
longer  time,  the  appearance  of  the  points  of  ossification,  and  ac- 
company these  in  their  growth.  I  have  observed  them,  even,  in 
the  articular  cartilage  of  the  epiphyses  of  the  long  bones  of  a 


Perpeiidiciilar  section  from  the  border  of 
ossification  of  the  diaphysis  of  the  femur  of  a 
child  two  weeks  old;  magnified  20  times. 
a.  Cartilaae,  the  cells  of  which,  the  nearer 
they  approximate  to  the  border  of  ossifica- 
tion are  arranged  in  longer  longitudinal 
rows.  b.  Border  of  ossification,  the  dark 
stripes  indicate  the  ossification  taking  place 
in  theintercelhilar  substance,  the  clear  lines, 
the  cartilage-cells  which  ossify  at  a  later  pe- 
riod, c.  Compact  botie  near  the  border  of 
ossification,  d.  Substantia  spongiosa  with 
medullary  spaces,  e.  produced  by  the  absorp- 
tion of  developed  osseous  substance,  whose 
contents  are  not  exhibited. 
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person  sixteen  years  old.  These  vessels  invariably  lie  in  wide 
canals,  excavated  in  tlie  cartilage  and  bounded  by  elongated 
narrow  cartilage-cells.  These  vascular  canals  of  the  cartilage,  or 
cartilage-canals,  pass  into  the  cartilage  from  the  perichondrium, 
and  when  a  vascular  point  of  ossification  is  present  (diaphysis) 
also^  from  the  border  of  ossification ;  but  there  in  smaller  number, 
at  least  in  early  stages.  They  ramify  in  the  cartilage  in  various 
directions,  and  without  appearing  to  form  anastomoses  or  other  con- 
nections, apparently  end  in  blind  and  mostly  club-shaped  extremities. 
These  canals  originate  by  a  transformation  of  the  elements  of  the 
cartilage,  like  the  medullary  spaces  of  the  bones  themselves ;  they 
at  first  contain  a  formative  substance  (cartilage-medulla),  composed 
of  small  round  cells,  corresponding  to  the  foetal  bone-marrow, 
out  of  which,  in  a  short  time,  are  developed  true  sanguiferous 
vessels  and  a  limiting  wall,  consisting  of  more  or  less  developed 
connective  tissue,  and,  subsequently,  also  of  elastic  fibres.  I 
have  found  sometimes  only  one  larger  vessel  (often  very  distinctly 
arterial  in  character,  with  muscular  walls),  sometimes  two,  some- 
times capillaries  in  variable  number,  in  one  canal;  but  I  am 
unable  to  say  how  the  circulation  iö  performed  in  these  vessels. 
Either  anastomoses  must  take  place  between  the  vessels  of  different 
canals ;  or  when  the  latter  are  in  reality  shut,  there  must  be  arteries 
and  veins  in  one  and  the  same  canal.  The  purpose  of  these  car- 
tilage-vessels appears  to  be  two-fold  :  first,  and  more  especially,  to 
supply  the  cartilage  with  materials  necessary  for  its  growth  and 
further  development;  secondly,  to  promote  the  process  of  ossifi- 
cation. The  former  is  very  obvious  in  the  thick  cartilages  of 
epiphyses,  which  continue  growing  for  a  long  period  before  they 
ossify,  and  even  after  this  do  not  cease  enlarging;  the  latter  is, 
perhaps,  best  exemplified  in  the  short  bones,  which  do  not  receive 
vessels  until  immediately  before  their  ossification  commences. 

The  more  intimate  changes  occurring  in  the  formation  of  the  cartilage- 
canals  and  cartilage-marrow  have  hitherto  been  but  little  investigated. 
Virchow  (Arch.v.  p. 4.28)  believes  he  has  seen  in  bones  affected  with  rickets 
the  cartilage-matrix  and  the  capsules  becoming  streaked  and  opaque,  whilst 
the  cartilage-cells,  or  primordial  utricles,  became  larger  and  more  granular, 
and  exhibited  a  multiplication  of  their  nuclei.  The  matrix,  so  altered,  then 
passed  gradually  into  undoubted  medullary  substance,  which  here  and  there 
still  enclosed  distinct  remnants  of  cartilage,  and  was  composed,  for  the  most 
part,  of  larger  and  smaller  granular  cells  with  one  or  several  nuclei,  and  of 
the  above-mentioned  matrix.  I  agree  in  all  points  with  the  opinion  of  this 
author,  and  have  followed  the  origin  of  the  small  cells  of  the  marrow  from 
the  cartilage-cells  and  their  metamorphoses  into  the  subsequent  contents  of 
the  cartilage-canals. 
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§  103.  Ossification  of  the  Cartilage.— T^he  ossification  of  the 
matrix  generally  precedes  tliat  of  the  cartilage-cells,  and,  in  normal 
conditions,  is  effected  by  granular  precipitates  of  calcareous  salts 
—  the  so-called  calcareous  granules.  Wherever  rows  of  cells  exist 
at  the  ossifying  border,  these  deposits,  when  viewed  in  longi- 
tudinal sections,  are  seen  in  the  form  of  pointed  processes  running 
into  the  fibrous  substance  between  the  rows,  and  enveloping  the 
lowermost  parts  of  the  latter  in  form  of  short  tubes.  Essentially 
the  same  process  is  seen  in  other  places,  where  the  cartilage-cells 
are  arranged  more  in  the  form  of  rounded  groups,  except  that  here 
the  ossifying  matrix  surrounds  the  latter  more  in  form  of  a  net- 
work.  If,  in  microscopical  sections,  the  granules  be  followed 
from  the  border  of  ossification  into  the  interior  of  the  young 
bone,  it  is  seen  that  the  latter,  although  with  decreasing  dis- 
tinctness, still  exhibits,  for  a  certain  distance,  the  granular  and 
dark  appearance  of  the  border  itself,  then  gradually  becomes 
more  uniform,  clearer  and  more  transparent,  and,  finally,  as- 
sumes nearly  the  same  appearance  as  the  fully  developed  bone. 
To  all  appearance,  the  primitive  granules  gradually  coalesce 
with  each  other,  and  thus  impregnate  the  whole  tissue  of  the 
cartilaginous  matrix,  instead  of  only  separate  parts  of  it,  as  at 
first,  and,  accordingly,  cease  to  exist,  or  to  be  distinguishable  as 
isolated  particles. 

With  regard  to  the  formation  of  the  lacunoi  from  the  cartilage- 
cells,  there  exists  a  very  remarkable  difference  between  rachitic 
Fi-  85.  bones  and  normal  structures.    In  rachitic 

bones,  as  I  have  shown,  the  lacunae  are 
formed  from  the  cartilage-capsules  by  the 
thickening  and  ossification  of  their  walls 
with  the  contemporaneous  formation  of 
canalicular  spaces  in  them;  whilst,  at  the 
same  time,  the  primordial  utricles,  or  car- 
tilage-cells, enclosed  by  them,  are  trans- 
formed into  the  stellate  bone- cells  of  Virchoiv. 
.^yt^X^fi^  the  ossifying  diaphysis  of  a  rachitic 
^'T^'?^S:iS£;  bone,  the  morphology  of  this  process  can  be 
most  beautifully  observed.  If  the  Imearly- 
^e^f-iS^e^"^"^  ^^^E^^.  l^rge  cartilage-capsules  of  the 
meters.  ossifyiug  bordcr  be  followed  from  without 

inwards,  it  is  soon  found  that,  where  the  deposition  of  calcareous 
salts  (which  in  this  case  is  generally  effected  without  the  formation 
of  granules)  begins,  they  exhibit,  instead  of  a  membrane  indicated 
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by  a  single,  moderately-thick  line,  a  thicker  coat,  which  presents 
delicate  indentations  upon  its  inner  side.    When  this  has  attained 
only  0  001"'  in  thickness,  it  may  already  be  perceived  that  the 
cavities  of  the  cartilage-capsules  are  in  the  act  of  being  trans- 
formed into  lacunse ;  and  this  process  becomes  still  more  distinct 
farther  within  the  bone.    The  thickness  of  the  membrane  in 
question,  together  with  the  diminution  of  its  cavity,  is  seen  to  in- 
crease more  and  more,  the  indentations  of  its  inner  boundary  line 
become  more  pronounced,  and,  contemporaneously  with  these 
changes,  the  walls  become  darker  and  darker,  from  the  depo- 
sition of  calcareous  matter.    The  slow  ossification  of  the  matrix 
between  the  capsules  very  much  facilitates  the  observation  of  all 
these  changes,  and  permits  not  only  the  first  metamorphoses  of  the 
cartilage-capsules  to  be  very  narrowly  investigated,  but  also  their 
subsequent  conditions,  at  a  time  when  they  must  be  called  bone- 
capsules  and  lacunae.    To  this  circumstance  alone  is  to  be  ascribed 
the  establishment  of  the  interesting  fact,  that  cartilage- capsules 
which  enclose  secondary  cells  pass,  in  their  totality,  into  a  single 
compound  hone-capsule.    Very  frequently  such  bone-capsules  are 
found  with  two  cavities,  which,  according  to  the  degree  of  their 
development,  are  sometimes  wide  and  furnished  with  short  pro- 
cesses, sometimes  present  narrow  cavities  and  longer  canaliculi, 
and  resemble  completely  the  fully-developed  lacunae.  Compound 
capsules,  with  three,  four,  and  five  cavities,  are  more  rare,  still  they 
also  occur  here  and  there  in  almost  every  preparation.    In  all 
these  cartilage-capsules,  and  in  the  bone-capsules  originating  from 
them,  there  are  not  only,  as  I  formerly  believed,  the  remains  of 
the  origmal  cell-contents  together  with  the  cell-nuclei,  but  also  the 
original  cartilage-cells,  or  primordial  utricle,  only  it  is  smaller. 
Since,  in  perfectly  fresh  objects,  it  accurately  fills  the  cavity  of  the 
cartilage-capsule,  it  will,  perhaps  from  the  beginning,  project  by 
means  of  delicate  processes  into  the  pore-canals  of  the  thickened 
capsule,  still  I  have  not  yet  succeeded  in  observing  them  as  stel- 
lated bodies  in  the  earlier  stages  of  development ;  while,  on  the 
other  hand,  this  is  extremely  easy  in  the  latter,  by  macerating 
them  in  hydrochloric  acid.    When  the  cartilage-eapsules  have,  in 
the  manner  above  stated,  passed  into  distinct  bone-capsules,  con- 
taining delicate  cells  and  other  contents,  but  lying  free  in  the 
unossified  matrix,  the  final  alterations  take  place,  in  consequence 
of  which  the  ricketty  bone-substance  assumes  pretty  nearly  the 
nature  of  the  healthy  tissue.    These  changes  chiefly  consist :  first, 
in  the  matrix  beginning  to  ossify,  and  without  primitive  calcareous 
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granules;  and  secondly,  in  the  more  and  more  abundant  deposition 
of  calcareous  matter  in  the  matrix  and  the  thickened  walls  of  the 
bone-capsule.  In  consequence  of  this  process,  the  new  osseous 
substance  becomes  whiter  and  whiter  to  the  naked  eye,  and  appears, 
under  the  microscope,  darker  and  more  transparent.  It  also  be- 
comes more  homogeneous,  and  the  sharp  outlines  of  the  bone- 
capsules  get  more  and  more  faint,  till  at  last  they  appear  not  as 
cellular  bodies  lying  free  in  the  matrix,  but  coalesced  with  the 
latter,  being  recognisable  only  by  their  peculiar  stellate  cavities  — 
the  so-called  bone-corpuscles,  or  lacunse,  and  canaliculi,  together 
with  Virchoiv's  bone-cells  enclosed  by  them. 

If,  after  becoming  acquainted  with  the  process  of  the  formation 
of  the  lacunce  in  the  rachitic  bone,  we  endeavour  to  obtain  an 
insight  of  that  in  the  normal  bone,  it  is  not  found  so  difficult  as 
formerly,  when  hypotheses  the  most  various,  and  without  reliable 
basis,  were  current.  Still  the  investigation  of  the  point  in  question 
in  human  bones,  as  well  as  in  those  of  animals,  during  develop- 
ment, is  very  laborious,  and  often  yields  but  small  return.  It  may 
here  with  certainty  be  seen  (see  my  Micr.  Anat.,  tab.  iii.),  that  the 
cartilage-capsules,  a  little  within  the  border  of  ossification,  become 
thickened  and  occupied  with  calcareous  granules,  whilst  their 
cavities  and  contents  still  remain  partially  visible.  The  capsules 
so  encrusted  may  also  be  isolated ;  but  the  manner  in  which  the 
alterations  further  proceed  cannot  be  seen  with  nearly  the  same 
definiteness  as  in  rachitic  bones,  since  further  inwards  the  young 
medulla,  with  its  vessels  and  the  calcareous  granules,  render  almost 
everything  indistinct;  and  it  is  only  in  the  parts  of  the  bone 
which  have  become  homogeneous  and  more  transparent,  that 

lacuufe  by  this  time  almost  completed  —  can  be  clearly  distin- 

o-uished.  Nevertheless,  according  to  all  that  we  observe,  there 
cannot  be  the  slightest  doubt,  that  the  processes  are  essentially  the 
same  as  in  rachitic  bones,  only  that  the  ossification  of  the  thickened 
walls  of  the  cartilage-capsules  goes  through  two  stages,  instead  of 
only  one,  inasmuch  as  they  are  ,at  first  granular,  from  the  depo- 
sition of  calcareous  particles,  and  then  become  homogeneous. 
Moreover,  even  .in  the  perfectly  normal  skeleton  of  the  adult  I 
have  found  some  places,  viz.,  the  symphysis  pubis,  the  interver- 
tebral disks,  and  the  sacro-iliac  synchondrosis,  where,  at  the 
boundary  between  the  cartilage  and  the  bone,  cartilage-capsules  of 
the  most  beautiful  description,  and  in  the  most  various  stages  of 
transition  into  bone- capsules,  may  be  seen,  Xy'm^  free  in  the  matrix 
of  the  cartilage ;  some  have  thickened  walls,  with  more  or  less 
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deposition  of  calcareous  granules,  whilst  others  are  almost  fully- 
developed  bone  capsules,  with  pores  and  a  more  homogeneous 
wall. 

I  can  thus  support  my  above-mentioned  assertion,  of  the  deve- 
lopment of  the  lacunae  from  the  cellular  elements  of  the  cartilage, 
by  what  may  be  seen  under  normal  conditions.  In  the  last-men- 
tioned places,  I  observed  very  frequently,  also,  half  and  completely 
ossified  mother-capsules,  with  from  two  to  twelve  included  se- 
condary capsules  of  the  most  beautiful  description. 

The  development  of  the  medullary  spaces  and  of  the  bone-marroiv 
is,  in  a  certain  measure,  the  last  act  in  the  transformation  of 
cartilage  into  bone.  The  medullary  spaces  originate  not  by  the 
coalescence  of  the  cartilage-cells,  but  by  the  solution  of  the  more 
or  less  developed  osseous  substance,  exactly  in  the  same  manner  as 
the  large  medullary  cavities  of  the  cylindrical  bones.  This  can  be 
most  distinctly  proved  by  examining  the  diaphyses  of  a  healthy  or 
rachitic  bone,  especially  the  latter.  At  the  border  of  ossification 
(fig.  84),  the  osseous  substance  is,  for  the  distance  of  about  to 
^'"j  quite  compact,  without  a  trace  of  larger  cavities,  and  is  here 
composed  partly  of  ossifying  matrix,  partly  of  cartilage-capsules, 
more  or  less  changed  into  lacimse  (see  Micr.  Anat,  tab.  iii.).  Then 
there  come,  first  smaller,  and  further  onwards,  larger  cavities,  the 
characters  of  which,  in  every  respect,  show  most  convincingly  that 
they  do  not  owe  their  origin  to  the  evolution  or  expansion  of  pre- 
viously formed  parts.  They  are  bounded  by  very  irregular  con- 
tours, which  often  appear  as  if  eroded ;  they  are  generally  larger 
than  the  cartilage-capsules,  oval,  or  rounded  and  angular,  and  dis- 
posed without  any  trace  of  regularity  in  the  new-formed  compact 
bony  substance.  If  the  borders  and  bounding  surfaces  of  these 
spaces  be  narrowly  examined,  it  is  easy,  in  many  cases,  to  recognise 
more  or  less  eroded  bone-corpuscles,  half  projecting  from  or  im- 
bedded in  the  walls,  and,  between  these,  projections  of  the  ossifjdng 
matrix,  so  that  not  the  slightest  doubt  can  remain  as  to  their 
origin. 

As  in  the  diaphyses,  so  in  the  ossification  of  all  the  otiier  car- 
tilages, medullary  spaces  are  formed  by  absorption  within  the  half- 
ossified  substance,  only  it  is  to  be  observed  that  these  spaces  do 
not  exhibit  the  same  direction  and  size  in  all  the  bones ;  but  it  is 
unnecessary  to  dwell  further  on  this  matter,  since  the  conditions 
of  this  primitive  spongy  substance  is,  in  its  main  features,  the 
same  at  later  periods.  Still,  it  may  be  remarked,  that  probably  in 
many  bones  medullary  spaces  are  developed  directly  from  the 
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cartilage  canals,  since,  at  the  border  of  ossification,  a  part  at  least 
of  the  latter  stands  in  direct  connection  with  the  spaces  in  the 
bone ;  and  further,  that  in  many  cases  cartilage-elements,  which 
have  not  yet  been  completely  converted  into  bone-capsules,  are 
involved  in  the  process  of  resolution.  With  regard  to  this  latter 
point,  it  seems  that  in  certain  cases  not  one  cartilage-cell  is  con- 
verted into  a  real  bone-corpuscle,  with  branched  processes ;  and  it 
may  be  recalled  to  mind,  that  many  years  ago  Sliarpey  promul- 
gated the  opinion,  that  all  bone-corpuscles  in  the  bone  formed 
from  cartilage  are  secondary  formations,  formed  at  the  parietes  of 
the  medullary  spaces,  —  a  view  which  is  also  maintained  nearly  in 
the  same  manner  in  the  recent  investigations  of  H.  Müller. 

The  medullary  spaces,  however  they  arise,  become  filled  with  a 
soft  reddish  substance,  i^iQ  foetal  marrow.  At  first,  this  consists  of 
nothing  but  some  fluid,  and  numerous  rounded  cells  with  one  or 
two  nuclei  and  slightly  granular  contents.  After  a  time,  these 
cells,  which  are  quite  identical  with  those  occurring  in  certain 
bones  in  the  adult  (see  above),  become  developed  in  the  usual 
manner  into  connective  tissue,  blood-vessels,  fat-cells,  nerves,  and 
bone.  The  formation  of  the  hlood-vessels  proceeds  very  rapidly, 
so  that,  a  short  time  after  the  development  of  the  medullary  spaces, 
the  bones  already  possess  blood-vessels ;  the  fat-cells  and  the  nerves 
are  more  slo\\ly  formed,  yet  at  the  period  of  birth,  they  are  very 
readiiy  seen  in  the  large  cylindrical  bones.  At  this  period  the 
fat-cells  are  but  few  in  number,  the  marrow,  in  man,  at  least, 
being'  still  quite  red  from  the  presence  of  blood  and  the  slightly 
reddish-coloured  marrow-cells.  After  birth  the  fat-cells  gradually 
multiply,  till  at  last  the  marrow,  in  consequence  of  their  great  in- 
crease, and  of  the  disappearance  of  the  marrow- cells,  all  of  which 
are  finally  resolved  into  the  elements  of  the  permanent  marrow, 
assumes  its  subsequent  colour  and  consistence.  A  great  part  of 
the  cells  of  the  new-formed  marrow  of  developing  bones  are  trans- 
formed into  bone,  and  thus  serve  to  thicken  the  rudimentary  bone- 
lamellse,  which  took  their  origin  from  the  cartilage. 

Disputes  still  prevail  in  various  quarters  about  the  development  of  the 
lacunge  from  the  cartilage-capsules,  yet  I  believe  that  my  original  description 
{Zürcli.  Mitth.,  1847),  which  has  been  confirmed  by  Rokitansky  and  Virchow 
{Würzb.  Verh.  ii.,  and  Arch.y.  p.  431),  is,  as  now  modified,  still  the  most 
tenable.  In  the  publication  mentioned,  I  described  the  contents  of  the 
bone-lacunse  and  cartilage-capsules  as  simple  cell- contents,  so  that  when 
Virchow  had  demonstrated  the  direct  transformation  of  plasm-cells  into 
bone-cells,  it  appeared  almost  impossible  to  harmonise  my  observations  upon 
rachitic  bones  witli  the  latter.    Now  if,  as  held  by  jRemak  and  me,  the  ossifying 
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cartilage-capsules  be  regarded  as  secondary  cell-membranes,  and  their  contents 
as  primordial  cells  ;  and  if  the  latter  be  admitted  to  grow  out  in  a  stellate 
manner  during  the  ossification,  the  harmony  between  the  formation  of  the 
lacunse  from  the  cartilage-capsules  and  plasm-cells  is  restored  in  all  essential 
points.  If  the  opinion  of  Sliarimj  and  H.  Müller  be  correct,  that  in  normal 
ossification  none  or  very  few  of  the  cartilage-corpuscles  are  directly  me- 
tamorphosed into  bone-cells,  and  that  the  latter  take  their  origin  from  the 
cells  of  the  first-formed  medulla,  then  there  would  be  no  difference  in  the 
formation  of  bone-cells  from  cartilage  and  from  the  periosteal  layers,  as, 
indeed,  Sharpey  maintained  long  ago. 

With  regard  to  the  origin  of  the  marrow-cells,  Vircho7v  is  of  opinion,  that 
they  arise  from  the  cartilage-cells  enclosed  in  the  ossifying  cartilage-capsules, 
which, by  their  multiplication,  produce  the  small  cells  of  the  primitive  marrow  ; 
whilst  the  latter  is,  in  turn,  transformed  into  fibres,  vessels,  nerves,  fat- 
cells,  etc.  According  to  what  H.  Müller  has  seen,  there  can  be  no  doubt  that 
this  view  is  correct.  Hence  it  follows,  that  the  bone-cells  in  bone  formed 
from  cartilage,  at  all  events,  originate  from  cells  which  are  the  descendants 
from  the  original  cartilage- corpuscles, 

§  104.  Changes  in  the  Suh -periosteal  Deposit. — The  periosteum 
of  tlie  bones  which  commence  by  cartilage  is  relatively  very  thick 
and  vascular,  and,  even  in  the  fifth  month  of  foetal  life,  consists  of 
ordinary  connective  tissue  and  fine 
elastic  fibres ;  the  latter,  as  the 
development  advances,  becoming- 
thicker  and  thicker,  and  occasionally 
assuming  the  nature  of  thicker  elastic 
fibres.  Upon  the  inner  side  of  the 
fully-developed  periosteum,  there  is 
an  ossifying  blastema  firmly  adherent 
to  the  bone  (fig.  86),  so  that  when 
the  periosteum  is  pulled  off,  it  gene- 
rally remains  lying  upon  it  in  the 
form  of  a  moderately  thick,  soft, 
whitish-yellow  lamella,  which,  when 
examined  microscopically,  presents 
a  fibrous  tissue  with  somewhat  in- 
distinct fibrils,  like  immature  con- 
nective tissue,  and  granular,  oval,  or 
round  nucleated  cells,  of  o'Oib'"  to  0  0 1'"  in  size.  If  this  lamella 
be  raised  from  the  bone,  it  is  found  to  be  very  intimately  connected 
with  the  most  superficial  layers  of  the  latter ;  and  upon  its  inner 
side,  detached  osseous  fragments  and  portions  of  reddish,  soft 
marrow,  from  the  most  superficial  bone- spaces,  are  usually  met 
with.    The  denuded  bone,  when  the  lamella  has  been  cautiously 
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Transverse  section,  from  the  surface  ot 
the  diaphysis  of  a  metatarsal  bone  of  the 
calf;  magnified  45  times.  A.  Periosteum. 
B.  Ossifying  blastema.  C.  Young  bone- 
deposit,  with  wide  spaces  (a.),  in  which  re- 
mains of  the  ossifying-  blastema  still  exist, 
and  reticulated  trabeculee  (6.),  which  are 
rather  sharply  marked  off  from  the  blastema. 
D.  Further  developed  bone  with  Haversian 
canals  (c),  surrounded  by  their  lamellas. 
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and  successfully  detached,  has  a  rough  and,  as  it  were,  porous  surface, 
with  numerous  medullary  spaces ;  and,  in  its  outermost  part,  is, 
for  a  greater  or  less  extent,  still  quite  soft,  pale  yellow,  and  trans- 
lucent ;  further  inwards,  on  the  contrary,  it  continually  increases 
in  firmness  and  whiteness,  till  at  last  it  assumes  the  usual  appear- 
ance of  fully-developed  bone.  The  formation  of  bone,  which  un- 
doubtedly here  takes  place,  is  effected  through  means  of  the 
above-mentioned  blastema,  the  cells  of  which,  scattered  among 
the  delicate  fibres,  have  not  the  slightest  resemblance  to  cartilage- 
cells,  but  have  exactly  the  same  appearance  as  foetal  marrow-cells, 
or  the  formative  cells  of  the  embryo.  In  fact,  it  is  now  not  very 
difficult  to  demonstrate,  that  the  outermost,  still  soft  osseous 
layers,  with  their  trabeculae  and  projections,  pass  into  the  blastema 
in  question;  and  that,  ist,  the  fundamental  substance  of  the  bone 
arises  from  its  fibrous  tissue  by  the  simple  uniform  deposition  of 
calcareous  salts,  but,  as  it  would  seem,  without  the  previous  ap- 
pearance of  calcareous  granules;  and  2nd,  that  the  bone-cells 
become  developed  from  the  formative-cells  of  the  blastema ;  still, 
with  reference  to  the  latter,  the  metamorphosis  cannot  be  followed 
step  by  step,  as  in  the  rachitic  bones.  According  to  Virclioios 
discovery,  which  I  can  fully  confirm,  these  cells,  without  previously 
presenting  secondary  membranes,  like  the  cartilage- capsules,  gra- 
dually acquire  a  stellate  form,  and,  when  the  surrounding  matrix 
ossifies,  become  directly  transformed  into  stellate  bone-cells,  which, 
accordingly,  are  not  contained  in  bone-capsules.  With  reference 
to  the  development  of  the  ossifying  blastema  itself,  see  the  note 
at  the  end  of  this  section. 

The  formation  of  bone  in  the  above-mentioned  blastema  occurs 
in  all  places  where  the  latter  is  in  connection  with  the  bone ;  it 
does  not,  however,  take  place  in  uniformhj  continuous  but  in  reticu- 
lated interrupted  lamelloe.  The  rounded  and  elongated  spaces  (fig. 
86  a),  M'hich  from  the  first  remain  in  the  intervals  of  the  osseous 
tissue,  and  communicate  with  each  other  in  the  different  layers,  are 
in  reality  the  rudiments  of  the  Haversian  or  vascular  canals  of  the 
compact  substance,  and  contain  soft  reddish  medulla,  which,  at 
first,  is  evidently  merely  the  non-ossifying  portion  of  the  ossific 
blastema,  but  soon  contains  more  formative  cells  than  connective 
tissue.  The  cells  of  these  spaces  soon  take  on  the  form  of  or- 
dinary, slightly  reddish  marrow-cells.  A  part  of  them  are  also 
transformed  into  vessels  which  communicate  with  those  of  the 
interior  of  the  bone,  and  especially  also  with  those  of  the  peri- 
osteum, with  which,  having  once  entered  into  connection,  they 
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remain  in  communication  during  the  whole  period  of  the  increase 
in  thickness  of  the  hone ;  so  that  the  formation  of  the  gaps  or 
cavities  of  the  bone  is,  at  least  afterwards,  pre-indicated  by  these 
vessels,  which,  according  to  what  we  have  said,  pass  from  the 
periosteum  through  the  ossifying  blastema  to  the  bone.  Besides 
marrow-cells,  vessels  and  a  small  quantity  of  connective  tissue, 
the  bone-cavities  of  the  periosteal  layers  also  contain  round, 
elongated  or  dentated,  flattened,  slightly  granular,  cell-like  bodies 
of  0-0 1'''  to  0-02'",  and  more  in  size,  with  3  to  12,  and  more 
vesicular  nuclei  and  nucleoli,  which  are  probably  to  be  ascribed 
to  a  multiplication  of  the  marrow-cells. 

The  periosteal  layers,  which,  according  to  what  we  have  stated, 
are  deposited  as  cribriform  interrupted  lamellse  around  the  osseous 
masses  formed  from  the  cartilages,  continue  to  be  formed  in  the  same 
manner,  as  long  as  the  bones  grow,  and  occasion  their  increase  in 
thickness.  At  the  same  time,  more  or  less  essential  alterations  take 
place  in  them,  and  more  especially  in  the  large  cylindrical  hones. 
In  these  we  find,  that  gradually,  but  more  evidently  from  and  after 
birth,  a  large  cavity  becomes  developed  in  the  interior,  which  at 
first  is  filled  with  foetal  marrow-cells,  and  subsequently  with  fully 
developed  medulla.  This  medullary  cavity  is  formed  in  the  same 
manner  as  the  medullary  spaces  described  in  the  previous  para- 
graph, by  solution  of  the  osseous  substance  of  the  middle  portion 
of  the  shaft,  at  first  only  of  that  which  has  arisen  from  the  pri- 
mitive nucleus,  soon  also  of  that  deposited  by  the  periosteum 
upon  the  former,  and  thus  continues  to  enlarge  in  a  remarkable 
manner  as  long  as  the  bone  continues  growing.  Whence  it  happens, 
that,  both  at  the  ends  of  the  diaphyses,  and  at  their  circumference, 
lühilst  neiü  hone  is  coiitinually  deposited  externally,  that  already 
formed  is  uninterruptedly  ahsorhed  from  within  outwards.  Indeed, 
these  two  processes  are  so  combined,  that  the  bone  during  its 
development  is,  so  to  speak,  several  times  regenerated,  so  that, 
for  example,  the  humerus  of  the  adult  does  not  contain  an  atom 
of  the  osseous  substance  of  that  of  the  new-born  infant;  and, 
again,  this  latter  contains  nothing  of  that  of  the  embryo  of  three 
months.  These  relations,  as  well  as  those  of  the  periosteal  and 
cartilage  layers,  to  one  another,  will  be  better  understood  with  the 
aid  of  a  diagram  (fig.  87).  If  we  here  compare  the  primitive  bone 
EE  with  the  almost  fully  developed  one  E*  E^,  it  is  seen,  that  in 
the  longitudinal  growth  of  the  diaphyses  of  the  latter  on  both 
sides,  at  the  expense  of  the  continually  growing  epiphysal  cartilage, 
an  elongated  cone  of  osseous  substance,  i,  2,  i\  2',  and  3,  4,  3',  4', 
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lias  been  produced,  to  which,  then,  the  epiphysal  nnclei  E''  E"^, 
likewise  originating  in  the  cartilage,  are  added,  whilst  in  its 


growth 
become 


coiitiruiallT  longer 

Fig.  87. 


in  thickness,  the  cylindrical  layers  P,  P^,  P^,  P^  which 
and,  in  the  middle,  thicker,  are  con- 
cerned. In  such  a  cylindrical  bone, 
accordingly,  all  the  part  formed 
from  cartilage  has  the  form  of  a 
double  cone  with  rounded  bases, 
the  part  deposited  from  the  perios- 
teum I,  2,  3,  4,  P^  and  i',  2',  3',4'P3, 
that  of  a  long  tube  thickest  in  the 
middle,  similar  to  an  elongated  ver- 
tebra of  a  fish  with  conically  de- 
pressed end  surfaces.  The  articu- 
lar cartilage  G  is  the  non-ossified 
remains  of  the  epiphysal  cartilage 
and  the  medullary  cavity  not  ex- 
hibited in  the  figure  (it  can  be 
imagined  as  nearly  indicated  by  the 
contours  of  the  fourth  bone  E^) 
has  arisen  by  the  absorption  of  the 
whole  osseous  substance  developed 
from  the  cartilage  and  periosteum ; 
in  this  case  the  first  three  EE,  E^E^ 
and  E"E2.  In  the  cylindrical  bones 
without  a  medullary  cavity,  and 
in  all  others  which  contain  only 
spongy  substance  in  their  interior, 
the  absorption  does  not  advance 
nearly  so  far  as  in  the  above- 
described  cases ;  that  is  to  say,  it 
proceeds  only  to  the  production  of 
a  loose  spongy  substance  in  the 
interior,  and  we  find  accordingly, 
for  instance  in  the  vertebrae,  still 
more  or  less  considerable  remains 
of  the  earlier  bone  deposits,  even  of 
those  which  have  arisen  from  the 
ossification  of  cartilage.  The  ab- 
sorption here  also  affects  not  only 
the  osseous  nucleus  formed  from 
the  cartilage,  but  also  the  periosteal 


Diagram  of  the  growth  of  a  tubular 
bone.  B.  First  rudiment  in  tlie  diapbysis 
already  ossified  with  cartilaginous  ejii- 
pliyses.  A.  Tlie  same  bone  with  four 
iidditional  statues  of  development,  EPl'E', 
E-^pipiE'^,  E3P'^P2E3,  E^pap^E'».  PP'F-P3 
periosteal  layers  of  these  four  bones. 
The  space  between  1,2,3,4,  and  l',2', 
3',  4',  indicates  parts  which  in  the 
largest  bone  have  originated  from  car- 
tilage. E'E'.  Cartilaginous  epii)hyses  of 
the  second  bone.  E^E^.  Epiphyses  of 
the  third  bone  with  bone-nuclei.  E^E^, 
E'^FJ.  Epiphyses  of  the  fourth  and  fifth 
bones  with  larger  epiphysal  nuclei.  G. 
Articular  cartilage.  l.K.  Interstitial 
cartilage  between  the  bony  epiphyses 
and  diaphyses. 
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layers,  of  which  only  the  latest  remain  more  in  their  original 
form  as  the  compact  substance  of  these  bones. 

As  is  sufficiently  apparent  from  what  has  been  said,  the  Ha- 
versian canals  arise  not  like  the  medullary  spaces  of  the  primary 
osseous  substance,  formed  from  ossified  cartilage  by  a  solution  of 
existing  tissue,  but  are  cavities  ivliich  have  been  left  from  the  com- 
7nencement  in  the  periosteal  layers.  They  are,  at  an  early  period, 
of  relatively  great  size,  and  their  lamellar  systems  are  likewise 
developed  without  the  co-operation  of  cartilage.  These  lamellje 
are  nothing  but  successive  deposits  from  the  soft  substance  in  the 
canals,  which,  as  was  already  mentioned,  entirely  agrees  in  its  fibres 
and  cells  with  the  sub-periosteal  ossific  blastema,  and  is,  so  to 
speak,  only  the  unossified  remains  of  it.  These  points  may  be  easily 
observed  in  young  bones,  in  which  the  periosteal  layers,  before 
they  have  been  opened  up  by  partial  resolution,  become  more  and 
more  compact  by  means  of  these  new  secondary  lamellae ;  but  also 
in  later  periods,  a  more  or  less  ossified  blastema  (always  without 
calcareous  granules)  may  very  frequently  be  perceived  upon  the 
walls  of  the  canals  in  question.  Whilst  the  vascular  canals  thus 
generally  become  narrowed  by  secondary  depositions,  which,  as  in 
the  periosteal  deposits,  appear  stratified  —  because  either  the  ossi- 
fying blastema  is  stratified  or  pauses  ensue  at  definite  periods  in 
the  deposition  of  the  bone  —  some  of  them,  on  the  other  hand 
subsequently  become  widened  by  absorption,  as,  for  example,  the 
canales  nutritii,  the  larger  openings  for  the  vessels  upon  the  apo- 
physes, many  nerve-canals,  etc.,  and,  as  already  remarked,  the 
compact  substance  is,  in  many  places  partially,  in  some  even 
entirely  absorbed. 

The  formation  of  bone  upon  tke  inner  side  of  the  periosteum,  is  a  thing 
that  has  long  been  known,  still  it  was  hitherto  the  general  opinion,  that  here 
also  a  thin  layer  of  cartilage  was  concerned  in  it,  until  8har2)ey  and  I  proved 
the  contrary.  Virchow  is  of  opinion  that  the  ossific  blastema  arises  from  a 
luxuriant  growth  of  the  periosteum,  and  that  its  cells  originate  by  a  suc- 
cessive multiplication  of  the  plasm-cells,  whilst  the  fibrous  matrix  between 
them  is  simply  an  intercellular  substance  produced  without  the  influence  of 
cells  from  the  fibrous  substance  of  the  periosteum.  I,  on  the  other  hand, 
hold,  that  a  layer  of  cells  always  exists  upon  the  inner  side  of  the  periosteum, 
from  which,  by  continual  growth  and  multiplication,  partly  the  ossifying 
cells  proceed,  partly  others,  which  are  metamorphosed  with  the  fibrous 
matrix  of  the  ossifying  blastema. 

The  deposition  from  the  periosteum,  exhibits  a  certain  contrast  to  the 
osseous  substance  which  is  developed  from  cartilage.  The  former  principally 
forms  the  compact  crust  of  the  cartilaginously  pre-formed  bones,  and  is  cha- 
racterised by  the  presence  of  Haversian  canals  and  their  lamellar  systems, 
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whilst  the  latter  produces  the  spongy  substance  and  contains  no  vascular 
canals. 

Still  it  is  not  to  be  forgotten,  that  all  the  periosteal  layers  are  at  first,  to 
a  certain  degree,  of  a  spongy  texture,  and,  in  all  these  bones,  invariably  con- 
tribute, and  indeed  frequently  very  essentially,  to  the  formation  of  the 
spongy  substance  ;  further,  that  in  the  cellular  substance  also,  which  arises 
from  cartilage,  in  the  apophyses  for  example,  secondary  deposits,  similar  to 
those  of  the  Haversian  canals,  and  of  the  spongy  substance  derived  from  sub- 
periosteal deposition,  occur  to  great  an  extent.  The  chemical  and  morpho- 
logical relations  of  the  matrix  of  the  two  osseous  tissues  in  question,  are  not 
yet  made  out.  On  the  other  hand,  the  lacunse  of  both  kinds  present  not  the 
slightest  distinction  ;  but  it  must  be  kept  in  mind,  that,  as  has  been 
shown  in  former  sections,  many  of  the  bone-cells  of  the  epiphyses,  etc.,  seem 
to  be  formed  in  secondary  depositions,  and  do  not  originate  from  the 
cartilage-  cells  themselves. 

§  105.  Bones  not  primarily  cartilaginous  were,  in  man,  till 
recently,  only  known  to  occur  in  the  skull,  but,  according  to 
Bruch,  the  clavicle  belongs  to  this  division  (compare  the  remarks 
of  H.  Müller  in  Zeitsch.f.  wiss.  Zool.  vol.  ix.) .  The  cranial  bones 
belonging  to  this  section  arise  outside  of  the  primordial  cranium 
between  it  and  the  muscular  system,  accordingly  within  the  struc- 
tures forming  the  vertebral  system.  When  the  skull  first  makes 
its  appearance  as  a  membranous  and  cartilaginous  capsule,  they 
are  entirely  absent,  and  only  arise  after  the  primordial  cranium, 
from  a  secondary  blastema.  From  this  circumstance,  and  to  dis- 
tinguish them  from  the  primary  bones  whose  formative  material  is 
present  at  an  earlier  period,  they  are  termed  secondary  hones,  or 
also,  because  they  are  in  contact  in  most  places  with  parts  of 
the  primordial  skull,  covering  hones.  The  following  parts  belong 
to  the  secondary  bones :  the  upper  half  of  the  flat  portion  of  the 
occipital  bone,  the  parietal  and  frontal  bones,  the  squamous  por- 
tion of  the  temporals  and  tympanic  ring,  the  nasal,  lacrymal, 
malar  and  palate  bones,  the  upper  and  lower  maxillary,  vomer, 
and,  as  it  appears,  the  inner  lamella  of  the  pterygoid  process,  and 
the  cornua  sphenoidalia.  The  blastema  of  these  bones,  which, 
different  from  that  of  the  primary  bones,  is  successively  developed 
into  a  membranous  basis  only  when  ossification  takes  place,  and  is 
not  previously  present  in  large  quantity,  presents  essentially  the 
same  relations  as  that  of  the  sub-periosteal  depositions,  and  ossifies 
exactly  in  the  same  manner. 

The  opinion  that  certain  cranial  bones  of  man  and  mammalia  are  not  deve- 
loped from  cartilage,  is  by  no  means  new,  still  Eatkke,  Beichert,  Jacobson  and  I 
were  the  first  to  establish  the  morphology  of  them  ;  and  Sharpejf  and  I  the 
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histology  of  them.  Nevertheless,  there  is  by  no  means  a  general  coincidence 
of  opinion  on  the  subject.  With  reference  to  the  histology,  I  must  refer  the 
reader  to  the  remarks  made  in  my  Micr.  Anat. ;  with  regard  to  the  morpho- 
logical aspect  of  the  question,  I  will  only  remark,  that  the  doctrine  of  the 
primordial  cranium  and  the  secondary  bones  is  in  a  great  measure  indepen- 
dent of  the  question,  whether  the  latter  arise  from  cartilage  or  connective 
tissue.  This  is  supported  by  the  fact,  that  some  bones  proceed  directly  from 
the  cartilaginous  primordial  cranium,  whilst  the  others  arise  externally  upon 
these,  and  are  not  pre-formed. 

§  106.  All  the  cranial  bones  not  primarily  cartilaginous,  first 
appear  in  the  form  of  a  very  limited,  elongated,  or  rounded  hone- 
nucleus,  consisting  of  a  small  quantity  of  fundamental  substance, 
and  some  few  lacunae,  and  surrounded  by  a  small  amount  of  a 
soft  blastema.  The  manner  in  which  this  nucleus  arises  has  not 
hitherto  been  observed  ;  still,  from  the  method  in  which  it  is 
further  developed,  it  may  be  deduced  with  certainty,  that  a  short 
time  previous  to  its  appearance,  a  small  lamella  of  the  above- 
described  soft  blastema  is  formed  in  its  place,  which  then,  by  the 
deposition  of  salts  and  the  metamorphoses  of  its  cells,  ossifies 
from  one  point  outwards.  If  an  ossifying  nucleus,  for  instance  in 
the  parietal  bone,  be  once  commenced,  it  advances  in  such  a 
manner  that,  whilst  the  mem- 
branous blastema  grows  hori- 
zontally, a  delicate  layer  of 
reticulating  osseous  trabeculse 
soon  arises,  which  sends  out 
fine  rays  into  the  still  unossi- 
fied  blastema  (fig.  88).  If  it 
be  examined  more  narrowly, 
it  is  found  that  the  individual 
spicules  of  bone  in  the  mem- 
branous blastema  have  arisen 
by  the  ossification  of  its  ele- 
ments, and  have,  as  it  were,  con- 
sumed it  in  the  places  which 
they  occupy,  remains  of  it  be- 
ing left  in  their  interstices  ; 
further,  that  the  formation  of 
the  osseous  elements  takes 
place  entirely  in  the  same  man- 

,  Parietal  bone  of  a  foetus  14  weeks  old.  Magnified 
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deposits^  the  rays  of  bone  when  traced  to  their  growing-points 
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becoming  softer,  paler,  and  poorer  in  salts,  and  their  cells  re- 
sembling more  and  more  the  soft  formative -cells,  till  at  last, 
without  any  line  of  demarcation  they  are  lost  in  the  soft  blastema. 
In  these  bones,  there  exists  at  first,  only  a  horizontal  growth ;  the 
rays,  as  they  further  extend  and  become  connected  by  cross 
branches,  continually  adding  to  the  size  of  the  original  network, 
but  soon  a  thickening  of  the  primitive  lamella  takes  place  by  the 
deposition  of  layers  both  internally  and  externally,  whilst  at  the 
same  time  the  bone  becomes  more  compact,  and  the  more  so  the 
older  it  is.  The  thickening  is  due  to  the  periosteum,  which  is 
found  upon  the  surface  of  the  secondary  bones  a  short  time  after 
their  appearance,  and  is  developed  either  from  their  original 
blastema  or  from  the  neighbouring  parts  (perichondrium  of  the 
primordial  skull,  muscular  and  tendinous  coverings) .  The  osseous 
deposition  proceeds  exactly  as  in  the  sub-periosteal  layers  of  the 
cartilagiuously  pre-formed  bones,  that  is,  a  soft  blastema  is  de- 
posited upon  the  inner  side  of  the  periosteum,  and  gradually 
ossifies  from  the  bone  outwards,  without  ever  having  been  car- 
tilaginous (fig.  89).  In  this  manner 
there  is  now  formed,  particularly  upon 
the  outer,  but  also  upon  the  inner  side 
of  the  primary  osseous  table,  and  pro- 
ceeding from  it,  a  succession  of  new 
lamellse,  and  the  young  bone  becomes 
thicker  and  thicker.  All  these  new 
lamellse  are,  like  the  earliest,  at  first 
reticulated;  and  then  rounded  or 
elongated,  variously  sized  interspaces 
communicate  with  those  of  the  already 
existing  aud  the  subsequent  lamellae, 
so  that  the  osseous  nuclei  of  the 
secondary  bones,  like  the  sub-periosteal 
layers,  are  from  the  first,  penetrated 
by  a  network  of  canals,  which,  as  in 
these,  soon  present  the  appearance  of 
Haversian  canals.  At  first,  filled  only 
by  soft  blastema,  the  remains  of  the 
formative  material  of  the  different 
layers,  these  spaces  soon  become  nar- 
rowed by  the  advancing  ossification 
in  them,  which  partly  crosses  them  in 
the  form  of  bridges,  as  in  the  osseous 
rays  of  the  borders,  partly  appears  as 
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From  the  inner  surface  of  a  pa- 
rietal hone  of  a  new-born  infant, 
magnified  300  times,  a.  Bone  with 
lacunae,  still  pale  and  soft.  b.  Bor- 
der of  tlie  same.  c.  Ossifjing  blas- 
tema with  its  fibres  and  cells. 
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depositions  upon  their  walls.  Finally,  some  become  thus  closed, 
others  are  converted  into  true  vascular  canals,  their  contents 
developing  vessels  from  the  primitive  formative  cells_,  which  now 
appear  as  marrow-cells  ;  these  vessels  then  communicate  with  those 
of  the  periosteum.  When  such  a  bone  has  thus  far  advanced  in 
its  development,  the  subsequent  changes  are  easily  understood. 
By  means  of  the  blastema,  which  is  continually  formed  at  its 
borders  and  surfaces,  it  continues  to  grow  horizontally  and  in 
thickness,  until  it  has  attained  its  typical  form  and  size,  and  in 
its  interior,  by  solution  of  its  compact  substance,  spongy  sub- 
stance (or  even  larger  cavities)  is  subsequently  formed ;  so  that, 
like  a  bone  which  has  been  developed  from  cartilage  and  perios- 
teal deposition,  it  finally  contains,  externally,  compact  substance 
with  Haversian  canals,  and  internally  medullary  spaces,  but  with 
distinct  secondary  deposits. 

In  concluding  this  account  of  the  development  of  the  bones, 
I  may  annex  some  remarks  as  to  the  periods  of  time  in 
which  the  various  stages  are  gone  through.  Valentin  saw  the 
cartilaginous  basis  of  the  ribs  in  a  human  embryo  six  lines  long. 
From  the  sixth  to  the  seventh  week,  that  of  the  cranium  can  be 
distinctly  recognised,  also  that  of  the  vertebrse  and  of  the  sus- 
pensory zones  of  the  limbs ;  that  of  the  limbs  themselves,  at  a 
somewhat  later  period  (from  the  eighth  to  the  ninth  week).  The 
ossification  begins  in  the  second  month,  first  in  the  clavicle  and 
lower  jaw  (fifth  to  the  seventh  week),  then  in  the  vertebrae, 
humerus,  femur,  the  ribs  and  the  cartilaginous  part  of  the  flat 
portion  of  the  occipital.  At  the  end  of  the  second  and  com- 
mencement of  the  third  month,  the  frontal  bone,  the  scapula,  the 
bones  of  the  fore-arm  and  leg  and  upper  jaw  make  their  appear- 
ance. In  the  third  month,  the  remaining  cranial  bones,  with  but 
few  exceptions,  begin  to  ossify,  also  the  metatarsus  and  metacarpus 
and  the  phalanges ;  in  the  fourth  month,  the  iliac  bones  and  ossicles 
of  the  ear ;  in  the  fourth  or  fifth,  the  ethmoid,  conchse,  sternum, 
pubis  and  ischium ;  from  the  sixth  to  the  seventh  month,  the 
calcaneum  and  astragalus ;  in  the  eighth  month,  the  hyoid  bone. 
At  birth,  the  epiphyses  of  all  cylindrical  bones,  occasionally  with 
the  exception  of  those  of  the  femur  and  tibia  which  are  directed 
towards  each  other;  further,  all  the  bones  of  the  carpus,  the  five 
smaller  ones  of  the  tarsus,  the  patella,  sesamoid  bones,  and  the 
last  pieces  of  the  coccj/x  are  still  unossified.  From  the  time  of 
birth  to  the  fourth  year,  osseous  nuclei  make  their  appearance 
also  in  these  parts,  but  m  the  pisiform  bone  not  until  the  twelfth 
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year.  The  junction  of  most  of  the  epiphyses  and  processes 
with  the  diaphyses,  takes  place  partly  at  the  time  of  puberty, 
partly  towards  the  end  of  the  period  of  growth. 

§  107.  The  vital  phenomena  exhibited  in  the  fully  mature  hones 
are  not,  during  the  vigorous  period  of  hfe,  accompanied  with  any 
notable  or  energetic  morphological  changes.     It  is  true,  that 
some  of  the  processes  formerly  considered,  still   extend  into 
this  period  —  as  the  enlargement  of  the  sinuses  of  the  cranial 
bones,  the  widening  or  deepening  of  the  muscular  and  tendinous 
impressions,  and  of  the  furrows  of  the  vessels,  etc. ;  but  we  never 
find  any  extensive  new  formation  of  bone  under  the  periosteum 
or  in  the  Haversian  canals,  and  an  absorption  on  a  considerable 
scale  going  hand-in-hand  with  it.    It  was,  indeed,  believed  for- 
merly, that  the  colouring  of  the  bones  of  the  adult  by  the  red 
colouring  matter  of  madder,  proves  that  depositions  of  osseous 
substance  occur  also  at  this  period,  because  it  was  assumed,  that 
only  the  newly  forming  osseous  tissue  became  coloured ;  but  since 
it  has  been  show  n,  that  fully  developed  bones  are  rendered  red  by 
madder,  and  that  coloured  bones  of  the  adult  do  not  become 
decolorised  (Brulle  and  Hugueny),  the  above-mentioned  view  can 
no  longer  be  maintained.    Whether  in  the  fully  developed  bone 
a  change,  if  not  of  the  structural  elements,  at  least  of  the  atoms 
occurs,  the  former  remaining  the  same,  is  another  question,  for 
the  solving  of  which,  hovever,  the  microscope  furnishes  no  data. 
So  much  is  certain,  that  the  organisation  of  the  bones  is  of  such  a 
kind,  that  notwithstanding  their  rigid  nature,  they  come  on  all 
all  sides,  and  most  intimately  in  contact  with  the  nutrient  plasma 
of  the  blood.    Everywhere,  in  fact,  where  the  osseous  substance 
is  in  connection  with  vessels,  therefore,  on  the  outer  surface,  upon 
the  walls  of  medullary  cavities  and  spaces,  and  upon  those  of  the 
Haversian  canals,  there  exist  millions  of  fine  openings  crowded 
closely  together.    These  conduct  the  blood-plasma  by  means  of 
the  canaliculi,  into  the  bone-cells  lying  nearest  to  the  above- 
mentioned  surfaces,  from  which  it  is  then  conveyed  by  other 
canaliculi  to  more  remote  lacunae,  and  at  length  to  the  outermost 
layers  of  the  Haversian  lamellse  and  the  layers  of  the  great 
lamellar  systems  furthest  removed  from  the  vessels.    When  the 
immense  number  of  the  canaliculi  and  their  numerous  anastomoses 
are  considered,  it  must  be  confessed,  that  in  no  tissue  of  the  human 
body  is  better  provision  made  for  the  distribution  of  the  blood- 
plasma,  but,  indeed,  in  almost  no  tissue  is  the  supply  of  fluid  to  the 
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finest  particles  more  necessary  than  here.  There  cannot  be  a  doubt 
that  the  fluids,  which  this  ^plasmatic  vascular  system^  {Leasing) 
of  the  bones  —  which  according  to  our  present  views,  must  be 
regarded  as  a  network  of  stellate  cells  —  receives  from  the  blood- 
vessels, modified  by  the  vital  processes  in  the  nucleated  cells  of 
the  lacunse,  are  indispensably  necessary  for  the  maintenance  of 
the  bones,  for  we  see  that  when  the  vascular  supply  of  a  bone  is 
cut  off  or  impeded  by  the  destruction  of  the  periosteum  or  of  the 
marrow,  by  the  tying  of  the  vessels  of  a  limb,  by  obliteration  of 
the  periosteal  vessels  by  pressure  from  without  (aneurism,  morbid 
growths) ,  a  necrosis  of  the  parts  concerned  is  the  sure  consequence. 
This,  according  to  Vir  chow,  frequently  afi'ects  only  the  substance 
within  the  province  of  one  or  some  few  cells ;  nevertheless,  the 
active  collateral  circulation  (see  above)  is  scarcely  ever  able  to 
prevent  it.  On  the  other  hand,  we  are  not  as  yet  able  to  say  how 
the  plasma  of  the  bones  circulates ;  for  a  movement  of  it  from  one 
set  of  vessels  to  another  (probably  from  the  more  arterial  through 
several  lamellse  to  the  venous)  must,  doubtless  be  assumed ;  nor 
do  we  know  in  what  actual  changes  the  nutrition  of  the  osseous 
tissue  consists;  and  this  more  especially,  because  the  chemical  in- 
vestigation of  the  process,  and  particularly  of  the  organic  products 
of  the  decomposition  of  bone  is  still  very  defective. 

That  the  tissue  of  the  bones  is  in  a  state  of  continual,  and,  indeed, 
very  energetic  change,  is  evinced  not  only  by  their  various  diseased 
conditions,  but  by  the  alterations  they  undergo  in  old  age.  At 
this  period,  extensive  absorption  of  bone  takes  place,  as  well 
externally  as  internally ;  an  example  of  the  former  is  furnished 
by  the  alveolar  processes  of  the  jaw,  which  are  wholly  removed; 
of  the  latter  by  the  increased  porosity  and  brittleness  of  every 
description  of  bones,  as  the  cylindrical  bones,  and  those  of  the 
skull,  by  the  enlargement  of  vascular  openings  (vertebrae,  apo- 
physes) and  by  the  greater  roughness  of  the  surfaces  of  bones. 
To  this  senile  atrophy  of  the  bones  a  consecutive  new  formation 
of  bone  in  the  interior  may  be  super-added,  a  so-called  sclerosis^ 
as  in  the  flat  cranial  bones,  by  which  means,  in  direct  opposition 
to  the  other  phenomena  of  senile  bones,  the  diploe  disappears,  its 
spaces  becoming  filled  with  new  osseous  substance,  the  venous 
spaces  and  emissories  being  obliterated,  and  the  entire  bone 
becoming  heavier. 

From  the  vascularity  of  the  bones,  and  their  active  elementary 
changes,  it  cannot  be  surprising  that  they  are  so  richly  provided 
with  nerves.    Of  these,  the  maiyi  function  is,  in  my  opinion,  to 
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regulate  the  conditions  of  tlie  vascular  system.  This  end  they 
may  fulfil  by  conveying  to  the  spinal  cord  or  central  organ,  through 
means  of  their  afferent  fibres,  impressions  depending  on  the  con- 
dition of  the  vessels,  the  quantity  of  nutrient  fluid  and  the  change 
of  material  in  the  bones,  and  conducting,  by  their  efferent  fibres, 
the  reactive  influence  of  the  cord  to  the  blood-vessels,  which  are 
evidently  furnished  with  contractile  coats.  These  nerves  do  not 
habitually  give  us  distinct  conscious  sensations,  but,  in  pathological 
conditions,  they  are  capable  of  causing  pain. 

Patiiological  Conditions  oj  the  Bones. — Fractures,  even  in  circumstances 
not  the  most  favourable,  readily  heal  by  the  formation  of  true  osseous  sub- 
stance, which,  in  the  cylindrical  bones  of  animals,  is  preceded  by  the  forma- 
tion of  true  cartilage,  but  not  invariably  so  in  man.  In  spongy  bones,  in  frac- 
tures within  an  articular  capsule,  and  in  otherwise  unfavourable  circumstances, 
the  breach  often  heals  by  means  of  a  fibrous  callus  only,  and  a  kind  of  joint 
may  be  formed  between  the  broken  surfaces.  After  losses  of  substance,  the 
osseous  tissue  is  readily  regenerated,  and  it  is  especially  the  periosteum 
which  here  plays  a  great  part,  as  in  the  growth  of  the  bones  in  thickness  ; 
this  it  effects,  of  course,  by  means  of  the  exudation  furnished  by  its  vessels. 
In  animals,  entire  bones  of  the  extremities,  as  well  as  the  ribs,  may  be 
regenerated  when  the  periosteum  is  spared,  as  shown  by  many  preparations 
in  Heiners  collection  in  the  Würzburg  Museum  ;  but  even  after  complete 
excision  of  the  periosteum,  a  rudiment  of  bone  is  reproduced  {Heine).  In 
man,  there  are  a  good  many  examples  known  of  the  reproduction  of  entire 
bones,  as  of  the  lower  jaw,  ribs,  and  scapula  {Cho2)art)  ;  and  cases  of  partial 
reproduction,  comprehending  large  portions  of  bone,  are  very  numerous.  It 
is  more  especially  the  diaphyses  which  are  thus  readily  restored,  no  matter 
in  what  way  they  have  been  destroyed ;  more  rarely,  the  spongy  bones  or 
spongy  parts  of  bones,  and  the  cranial  bones  ;  still,  in  the  latter,  the  defi- 
ciencies after  the  operation  of  trepanning  become,  in  many  cases,  occupied  by 
separate  osseous  pieces,  instead  of  a  mere  fibrous  membrane,  or  are  even 
completely  filled  up  with  bone  ;  nay,  pieces  cut  out  with  the  trephine  may 
be  reunited,  and  the  same  has  been  observed  to  happen  with  pieces  which 
have  been  partly  hacked  off  {Pauli).  HyiJertrojyliy  of  the  bones  occurs  in 
the  most  various  forms,  all  of  which  may  be  reduced  to  two  principal,  viz., 
I,  deposition  upon  the  exterior,  or  external  hyperostosis,  which  is  chiefly 
formed  from  the  periosteum  ;  2,  deposition  in  the  interior,  sclerosis,  or  filling 
up  of  the  medullary  spaces,  or  Haversian  canals,  with  new  bone.  These  two 
forms  occur  either  isolated  or  combined  :  the  former  occurs  in  inflammation 
of  the  periosteum  alone,  and  in  company  with  cancer,  arthritis,  syphilis,  etc. ; 
the  latter,  consecutively  in  rachitis,  osteomalacia,  and  syphilis,  also  in  old 
age.  With  reference  to  the  microscopical  conditions,  Virchow  has  the  merit 
of  having  first  demonstrated  with  distinctness,  that  in  many  cases  of  patho- 
logical formation  of  bone,  this  is  effected  by  the  ossification  of  connective 
tissue  without  the  previous  formation  of  cartilage.  The  new-formed  osseous 
tissue  is  sometimes  like  the  normal,  sometimes  firmer,  with  small  vascular 
spaces  and  large  irregular  lacunse.    Atrojyhy  of  the  bones  shows  itself  in 
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disappearances  of  the  tissue  in  all  its  parts,  in  consequence  of  chronic  diseases, 
paralysis,  anchylosis,  or  as  rarefaction  of  the  osseous  tissue  analogous  to 
atroi)Ma  senilis,  in  syphilis,  lepra,  mercurial  cachexy,  paralysis,  etc.  Death 
of  the  bones,  necrosis,  is  observed  in  destruction  of  the  periosteum,  inflam- 
mation of  the  latter,  and  of  the  bone,  etc.,  generally,  accompanied  with  an 
excessive  growth  of  the  parts  still  healthy.  Peculiar  derangements  of  nutri- 
tion occasion  osteomalacia  and  rachitis  ;  yet,  in  the  former,  the  microscopical 
investigation  has  afforded  nothing  worthy  of  being  mentioned  here.  The 
latter  has  been  narrowly  investigated  by  myself  and  //.  Meyer,  and  especially  by 
Virchow,  and  presents  some  conditions  which  are  worthy  of  being  here  consi- 
dered. In  the  disproportionately  large  epiphysal  cartilages,  i.  the  layer  of  the 
ossifying  cartilage-cells  (the  cells  arranged  in  rows)  measures  z"  to  5"',  instead 
of  f  ;  2.  the  border  of  ossification  is  dentated,  the  cartilage  and  the  bone 
variously  locking  into  one  another;  3,  in  well-marlicd  rachitic  bones,  the 
granular  deposition  of  calcareous  granules  at  the  border  of  ossification  is 
absent,  and  the  cartilage-capsules  are  almost  invariably  transformed  into 
bone-capsules  somewhat  before  ossification  of  the  matrix,  and  likewise  without 
the  formation  of  calcareous  granules.  It  is  on  this  account  that  the  for- 
mation of  the  bone-capsules  is  nowhere  more  beautifully  seen  than  in  this  case 
(see  above).  Upon  the  diaphyses  the  layer  of  the  ossific  blastema  is  nmch 
thicker,  ossifies,  likewise,  very  slowly,  and  presents  a  partial  formation  of 
cartilage. 

Accidental  formations  of  cartilage  and  bone  are  very  frequent.  The  former 
tissue,  notwithstanding  that  it  is  not  regenerated,  and  that  wounds  of  it  heal 
only  by  means  of  fibrous  tissue,  or,  more  rarely,  by  osseous  tissue  (ribs),  pre- 
sents itself  abnormally  in  very  many  organs  (bones,  mammary  and  parotid 
glands,  testicles,  lungs,  skin),  as  the  so-called  enchondroma,  and  as  a  new  cover- 
ing upon  the  osseous  growths  at  the  border  of  worn-down  articular  extremities 
{Eclier).  Accidental  formation  of  bone  appears  in  ossification  of  permanent 
cartilages  (ribs,  larynx,  epiglottis  [very  rarely] ),  of  tendons,  upon  the  dura 
mater  and  arachnoid,  in  the  eye,  ovary,  in  fibrous  membranes  {menibrana 
oMiiratoria),  in  enchondroma,  fibroid  tumours  and  cancers,  and  in  the  lungs 
{3£ohr's  cyst  containing  hairs).  In  these  cases,  also,  the  osseous  substance  is 
not  essentially  different  from  the  normal,  and  arises,  sometimes  from  a  carti- 
laginous, sometimes,  and,  indeed,  more  frequently,  from  a  soft  blastema. 

For  the  investigation  of  the  bones,  well-polished  sections,  which  may  be 
easily  made,  are  of  especial  service.  The  investigation  of  decalcified  bone 
also  well  repays  the  trouble  bestowed  upon  it.  This  may  be  obtained  by 
macerating  a  bone  in  cold  diluted  hydrochloric  acid  (i  part  acid,  10  to  20 
parts  water),  till  no  precipitate  is  produced  by  ammonia  in  the  fluid,  which 
should  be  frequently  changed.  With  small  pieces  of  bones,  maceration  for  a 
few  hours  is  sufficient ;  but  for  entire  bones,  several  days  are  required. 
Sections  of  decalcified  bone  so  prepared  are  to  be  made  in  all  directions 
with  a  sharp  knife,  and  may  be  used  especially  for  the  study  of  the  Haver- 
sian canals  and  lamellse  ;  the  latter  can  also  be  stripped  off"  from  the  surface. 
The  bone-cells,  also,  are  still  visible  ;  their  processes  appear  as  fine  strise,  and 
their  nuclei  come  into  view  without  further  preparation,  but  especially  after 
treatment  with  caustic  potass,  or  after  long  boiling  in  water.  After  long 
maceration  in  hydrochloric  acid,  or  after  long  boiling  in  a  sand  bath  or  a 
Papin's  digester  {Hoi^pc),  the  bone-cells  themselves  are  obtained  isolated  as 
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stellate  bodies  with  delicate  walls.   The  natural  conditions  of  th«  1^™»;^ 
may  be  readily  seen  in  thin  sections  of  perfectly  ft-esh  bones,  or  in  tlnn 
bon'^-lavnelte,  as,  for  example,  in  many  parts  of  the  f-al  bones    In  feh 
bones,  the  vessels  may  be  studied  with  the  microscope,  as  they  are  natn.a  y 
injected  with  blood.    In  this  way  the  wished-for  object  --"^^in  order 
obtained  than  by  artificial  injections,  which  often  fad,  and  m  -l™'^  "^^^^^^^^^^ 
to  permit  of  more  close  investigation,  the  bones  must  ''e^ubseqi.en  y  de 
calcified  in  hydrochloric  acid,  and  preserved  m  ml  of  turpentme. 
are  found  with  the  naked  eye  upon  the  nutrient  arteries  of  the  large  cyhn- 
drtcal  bones,  and  on  smaller  vessels  with  the  aid  of  the  microscope  ;  hose  of 
th  perioste'umaretobe  studied  after  the  tissue  has  -"«i-;";^; 
parent  by  caustic  soda  or  acetic  acid.   For  the  study  of  the  cart  age,  the 
Sand  articular  cartilages  are  best  adapted;  in  these,  the  cartilage-cap- 
su  s  partly  present  themselves  to  view  without  further  treatment,  partly 
after  a'ddiUoi  of  acetic  acid  and  caustic  sod,,  which  t"^^^^^^ 
By  boiling  and  maceration,  the  cartilage-capsules  are  readdy  -ol^t«'  -^"  • 
they  naturally  so  occur  in  the  yellow  cartilages,  especially  in 
malia    The  development  of  the  bones  may  be  investigated  in  a  cylmducai 
bone  and  in  a  parietal  bone,  the  formation  of  the  lacuna,  in  rachitic  bones, 
and  upon  the  osseous  surfaces  of  the  symphyses  and  synchondroses. 

jitemtmr -In  addition  to  the  works  cited  in  §  s  and  §  lo,  the  following 
may  be  consulted  :- VöxscH,        IMlung  än-  A««./»;»to«<^,  J«- 
T^entiona..  Heidelberg,  ,847.    Koluk.k,  V^.r  y^^*'-^^'"^'^a^;^^ 
in  Mittn.  der  ZM.  nat.  GrsclUcK  .847,  P-  93-  KoK^A^■SKY     ^'''^  f  '^f 
d  Wiener  Aertze,  1848,  p.  ..    A.  Krukenberg,  in  Mull,  ^rc/j.,  1849,  P;403- 
H  ItoER,  in  Mull,  i-*,  .849.  P-9-    VmcHOW,  in  Yernanäläcr  Wurzl,. 
P!„,s  Med  Ges.,  Bd.  i.  No.  .3.    Robin,  in  3Iem.  de  la  Soetete  de  BioUg.,  1850, 
i  f,    J  Tomes  and  Campbell  be  Mobgan,  OU  on  tU  Stn,ct.  and  Developm. 
of  Bone,  in  PUl.  Tmmact.,  ,853,  i.,  P-  .09-    »«'^ndt,  Disqms.  de  oss,ßo.  Pro- 
1«  Dorp.,  .85a,  Diss.   Broch,  Beitrete        Entn,teMung  des  Knooken- 
ZteusJhenLkr.  d.  S^n^ciz.  Nut.  GeselUel.,  xii.    Viechow,  Das  nor,na^ 
WaMhum  und  Me  racUtisclie  Star,,»!!  derselben,  in  s.  Areh.,      P-+°9-  J' 
Meter,  Beitrag  z.  Lehre  von  den  KnoelienJtranlilmtm,  in  Zettsehr.J.  rat.  Med., 
iii,  1853,  p.  ■43- 

Of  the  Nervous  System. 
^  108  The  nervous  system,  regarded  from  an  anatomical  point 
of  view,  is  a  eompletely  connected  whole,  in  ^vhich  two  pnncipal 
masses  maybe  distinguished,  the  spinal  cord  and  Jmm,  And  nu- 
merous cords  proceeding  from  tliern  to  almost  all  parts  ot  tlie 
body  the  nerves.  The  two  former,  constituting  the  central  nervous 
s.iste'm,  are  not  only  to  be  regarded,  from  an  anatomical  point  of 
view  as  giving  origin  to  the  nerves,  but  also,  physiologically,  as 
excitors  of  movement,  and  as  the  seat  of  sensations  and  psychical 
actions  •  whilst  to  the  latter,  or  the  peripheral  nervous  system,  a 
more  subordinate  office  is  ascribed,  tliat  of  serving  as  intermediate 
or  connecting  parts  in  the  production  of  sensation  and  motion. 
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This  manner  of  viewing  the  Nervous  System  is,  however,  only 
partially  correct,  because,  ist,  in  the  so-called  central  organs  very 
many  subordinate  parts,  as  in  the  nerves,  occur;  and,  2nd,  the 
peripheral  nervous  system  possesses,  in  the  so-called  ganglia  or 
nervous  knots,  likewise,  physiological  and  anatomical  central 
organs.  The  old  classification,  also,  of  the  nervous  system  into 
animal  and  vegetative  is  no  longer  tenable  when  compared  with 
recent  observations,  and  the  latter,  or  the  sympathetic  or  gang- 
lionic nervous  system,  is  to  be  regarded  only  as  a  part  of  the  peri- 
pheral nervous  system,  although  peculiar  in  form. 


Elements 
§  109.  The  nerve-tuhes 
mitive  tubules,  or  primi- 
tive fibres  of  the  nerves, 
are  soft,  fine,  cylindrical 
fibrils,  of  o'Ooo5'"  to 
O'oi'"  in  diameter,  which 
constitute  the  main  mass 
of  the  nerves  and  of  the 
white  substance  of  the 
central  organs,  but  still 
are  not  wanting  in  most 
parts  of  the  gray  sub- 
stance of  the  latter,  and 
in  the  ganglia.  When 
examined  fresh,  and  by 
transmitted  light,  they 
are  crystalline  and  trans- 
parent, with  simple  dark 
contours  ;  by  reflected 
light,  shining  and  opal- 
escent, like  fat,  for  the 
most  part  white,  and  with 
no  outward  indication 
that  they  are  composed 
of  different  constituents ; 
still  by  various  methods 
it  is  readily  shown,  that 
they  consist  of  three  en- 
tirely different  structures, 
and  a  soft  but  elastic  fibre 
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or  nervefihres  (fig.  90),  also  called  pin- 

Fig.  90. 


Nerve-fibres,  magnified  350  times.  1.  Of  the  dog  and 
rabbit,  in  the  natural  condition ;  a.  fine ;  b.  middling-  thick  ; 
c.  thick  fibre,  from  the  peripheral  nerves.  2.  Of  the  frog, 
with  the  addition  of  serum ;  a.  drop  forced  out  by  pressure ; 

b.  axis  cylinder  in  the  same,  continuing  into  the  tube.  3. 
Of  the  fresh  spinal  cord  of  man,  with  the  addition  of  serum ; 
«.Investment;  6.  medullary  sheath, with  double  contours; 

c.  axis  cylhider.  4.  Double  contoured  fibre  of  the  human 
fourth  -ventricle,  the  axis  cylinder  {a)  projecting  and  visible 
in  the  fibre.  5.  Two  isolated  axis  cvlinders  fr  om  the  cord, 
the  one  undulated,  the  other  unequally  thick,  wirh  adherent 
medulla. 

viz.,  a  delicate  envelope,  a  viscid  fluid, 
situate  in  the  centre, 
p  z 
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Fig.  01. 


The  envelope  or  sheath  of  the  nerve- tubes  (limiting  membrane, 
Valentin),  is  an  extremely  delicate,  yielding  but  elastic,  homo- 
geneous, and  transparent  membrane,  which  is  invisible  in  perfectly 
unaltered  nerve-fibres,  except  in  a  few  places,  but  comes  readily 
into  view  on  the  employment  of  proper  re-agents,  at  least  in  the 
thicker  fibres  of  the  nerves  and  central  organs,  and,  in  its  che- 
mical characters,  agrees  in  all  essential  points  with  the  sarcolemma 
of  the  muscular  fibres.  This  envelope  has  not  hitherto  been 
demonstrated  upon  the  finest  fibrils  of  the  peripheral  and  central 
nervous  system,  and,  accordingly,  it  is  still  uncertain  whether  these 
fibres  possess  sheaths  or  not. 

Within  the  homogeneous  sheath  lies  the  nerve-medulla  (medul- 
lary Rosenthal  and  Purkinje',  wdiite  substance,  Schwann) 
(figs.  90,  3,  h),  in  the  form  of  a  cylindrical  tube,  closely  and  accu- 
rately surrounding  the  central  fibres.  It  is,  in  the  fresh  nerve- 
fibre!i  perfectly  homogeneous,  viscid  like  a  thick  oil,  transparent 
and  clear,  or  white  and  shining,  according  to  the  light  by  which  it 
may  be  viewed,  and  evidently  causes  the  peculiar  lustre  of  the 
nerves.    Under  the  influence  of  cold,  of  water,  most  acids,  and 

many  other  re-agents,  the  nerve- 
medulla  is  quickly  and  very  con- 
stantly altered ;  this  alteration  is 
principally  due  to  a  coagulation,  Avhich 
proceeds  from  without  inwards,  and 
affects  sometimes  the  whole  medulla, 
sometimes  only  its  outermost  layers. 
In  the  latter  case,  the  nerve-tubes 
appear  ivith  double  contours  (figs. 
90,  91),  or  with  medullary  sheath 
coagulated  to  a  more  or  less  extent 
externally,  but  still  fluid  internally ; 
in  the  former,  the  fibres  have  appa- 
rently quite  grumous  and  dark  con- 
tents  (fig.  91).     The  coagulated 
nerve-medulla  rarely  appears  homo- 
geneous, but  mostly  grumous,  gra- 
nular, as  if  composed  of  irregular 
masses  of  various  sizes,  and,  on  the 
addition  of  acetic  acid,  frequently  as 
if  formed  of  small  isolated  or  re- 
ticularly  united  rods.    By  pressure,  also,  the  nerve-medulla  alters 
very  readily.    It  either  flows  out  at  the  extremities  of  the  tubes, 


Human  nerve-tubes,  magnified  .350  times. 
Tliree  of  tliem  are  fine,  one  of  which  is  vari- 
cose, one  of  middling  thicliness  and  with  a 
simple  contour,  and  tliree  thick,  two  of  which 
are  double  contoured  and  one  with  grumous 
contents. 
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or  out  of  varicose  and  ruptured  parts  of  the  sheatli,  and  forms 
larger  and  smaller  drops  of  all  possible  forms,  regularly  spherical, 
clavate^  fusiform,  cylindrical,  filiform,  or  of  the  most  odd  shapes_, 
which  drops,  like  the  nerve-fibres,  may  be  coagulated  only  upon  the 
surface  or  throughout ;  and,  accordingly,  like  them,  also,  appear 
double  contoured,  or  partially  or  completely  grumous.  But  while 
within  the  tube,  also,  the  medullary  sheath  alters,  being  accumu- 
lated at  certain  places  in  larger  proportion,  instead  of  forming  a 
cylinder  of  uniform  thickness.  It  is  in  this  manner  that  the  well 
known  varicose  nerve-tuhes  arise  (fig.  91),  in  which  the  medulla 
presents  sometimes  beautiful  moniliform  swellings,  sometimes 
irregularly  distributed  nodosities  of  various  size,  or  even  complete 
interruptions  at  some  places.  All  these  forms,  in  which  the  sheath 
may  or  may  not  take  part,  but  in  which  the  central  fibre  is  not 
concerned,  arise  artificially,  and  are  especially  liable  to  occur  in 
the  finer  fibres,  and  those  with  more  delicate  sheaths,  such  as  are 
found  in  the  central  organs. 

The  central  fibre  of  the  nerve-tubes  (primitive  band,  llernak ; 
cylinder  axis,  Purkinje)  (figs.  90,  2,  3,  4,  5),  is  a  cylindrical  or 
slightly  flattened  fibre,  which,  in  unaltered  nerves,  is  as  little 
recognisable  as  the  sheath,  as  it  is  completely  surrounded  by  the 
medulla,  and  refracts  the  light  in  the  same  degree  as  this;  but 
when  the  nerve-tube  is  torn  through,  or  is  treated  with  various 
re-agents,  the  axial  fibre  readily  comes  into  view,  partly  in  the 
interior  of  the  tube,  partly  denuded,  and  is  a  constant  structure. 
In  the  natural  condition,  it  is  pale,  mostly  homogeneous,  more 
rarely  finely  granular  or  striated,  bounded  by  straight,  or  occa- 
sionally irregular  pale  contours,  and  usually  of  equal  thickness 
throughout ;  it  is  especially  distinguished  from  the  nerve-medulla 
by  the  circumstance,  that  although  soft  and  flexible,  it  is  not  fluid 
and  viscid,  but  firm  and  elastic,  somewhat  like  coagulated  albumen, 
with  which  it  appears,  for  the  most  part,  also,  to  agree  in  its 
chemical  characters. 

This  so-called  axis -cylinder  is  found  in  all  nerve-fibres  having 
nerve-medulla,  also  in  the  finest,  everywhere  presents  the  same 
characters,  and  equals  in  thickness  nearly  one-half  or  one-third  of 
the  diameter  of  the  nerve-fibre. 

The  nerve-tubes,  in  which  the  three  structures  now  described 
can  be  distinguished,  and  which  we  shall  designate  as  the  medul- 
lated  or  dark-bordered,  form  the  preponderating  majority  of  those 
found  in  the  body;  but  there  are  some  other  forms  deserving  a 
more  particular  notice.  These  are  the  nerve-tubes,  in  which  tl;iere 
is  no  trace  of  a  nerve-medulla,  and  which  possess  a  nerve-sheath, 
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with  contents  sometimes  completely  resembling  the  axial  fibre 
of  other  tubes,  sometimes  softer  and  more  granular.  These  no?2- 
medullated  nerve-tubes  are  found,  in  the  first  place,  as  continuations 
of  the  other  sort,  where  they  are  connected  with  nerve-cells;  m 
the  second  place,  as  longer  independent  tubes,  in  the  form  of  the 
so-called  processes  of  the  nerve-cells  of  authors;  and,  lastly,  at 
the  terminations  of  the  dark-bordered  nerves.  They  may  again 
be  divided  into  several  sub-divisions,  according  as  they  possess 
nuclei  or  not,  and  according  as  their  contents  are  more  or  less 
transparent,  or  more  or  less  consistent.  When  it  is  considered 
that  the  dark-bordered  fibres  also  vary  very  much  in  their  delicacy 
or  fineness  of  structure,  and  in  their  diameter,  which  varies  between 
0-0005'"  to  o-oi'"  and  upwards,— so  that  they  may  be  classified 
into  fine  and  coarse,  delicate  and  firm,  — it  is  readily  seen  that 
the  nerve-tubes,  notwithstanding  their  general  tubular  character, 
diff'er  a  good  deal  from  each  other  in  several  respects. 

The  envelope  or  sheath  of  the  nerve-tubes  discovered  by  Schwann  can,  in 
man,  as  on  the  roots  of  certain  cerebral  and  of  the  spinal  nerves,  be  only 
rarely  seen  without  the  aid  of  re-agents  ;  but  it  is  readily  demonstrated  by 
boiling  the  nerves  in  absolute  alcohol,  or  acetic  acid,  or  caustic  soda.  The 
sheath  is  best  seen,  however,  by  the  aid  of  fuming  nitric  acid,  and  the  sub- 
sequent addition  of  caustic  potass.    In  this  case,  the  fat  of  the  medullary 
sheath  passes  out  of  the  tube  in  form  of  pale  drops,  the  axis  cylinder  is 
dissolved,  and  the  yellow-coloured  sheath  remains  behind  empty,  wider,  and 
with  swollen  walls  of  o'oooV"  to  o-ooo8"'  in  thickness.    "Whether  the  finest 
nerve-tubes,  also,  of  the  central  organs  and  peripheral  nerves  (below  0-002'") 
possess  a  structureless  sheath,  is  still  undetermined.    Analogy  with  the 
coarser  fibres  speaks  for  the  existence  of  such  sheaths  ;  but  there  are  some 
facts  known,  which  seem  to  prove  that  there  exist  sheathkss  medullated  and 
non-medullated  primitive  nerve-fibres.    I  have  already,  in  my  Microscopical 
Anatomy  (II.  i.  396),  remarked,  that  in  the  tadpole,  according  to  my  obser- 
vations, several  dark-bordered  fibres  are  developed  in  one  and  the  same  struc- 
tureless sheath,  formed  by  the  coalescence  of  the  cell-membranes  ;  and  that 
something  similar,  at  least,  according  to  B.  Wagner's  drawings,  takes  place  in 
the  electric  organ  of  the  torpedo,  in  which  cases,  special  coverings  around 
each  separate  tube  can  scarcely  be  assumed  to  exist.    Quite  recently,  also, 
Stannius  {Gotting.  Nachr.,  1850)  has  found  in  the  lamprey  that  the  nerve- 
fibres  of  the  central  organs  possess  neither  sheaths  nor  medulla,  and  are,  so 
to  speak,  nothing  but  free  axis-fibres.    Now,  although  it  must  be  admitted, 
that  the  impossibility  of  demonstrating  the  sheaths  does  not  by  any  means 
prove  their  non-existence,  still  the  above-mentioned  facts  are  deserving  of 
attention;  and  we  must,  on  this  question,  for  the  present,  refrain  from 
drawing  conclusions  from  analogy.    Upon  the  inner  side  of  the  sheath, 
between  it  and  the  medulla,  there  are,  in  many  nerve-fibres,  perhaps  in  all 
the  peripheral  nerves,  nuclei  ( Schijf),  which  correspond  to  those  seen  in  the 
embryo,  and  also  in  the  higher  animals  (see  below),  and  especially  in  fish 
(in  the  electric  organ,  for  example). 

In  order  to  see  the  medullary  sheath,  or  nerve-medulla,  in  its  normal  con- 
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dition,  a  nerve  of  a  newly-killed  animal  must  be  quickly  brought  under  the 
microscope  without  adding  anything  ;  in  which  case  single  fibres  are  always 
seen  entirely  unaltered,  although  they  are  very  quickly  altered  by  the  drying 
of  the  nerve.  Besides,  I  would  j^ecommend  the  observation  of  the  nerves  in 
the  transparent  parts  of  living  or  newly-killed  animals  (nictitating  membrane, 
mucous  membrane  of  the  frog,  the  tail  of  the  tadpole,  etc.),  and  their  exami- 
nation upon  warmed  plates  of  glass  (Sta-rh),  and  after  treatment  with  chromic 
acid,  which  maintains  them,  especially  the  cerebral  nerves,  often  quite  un- 
injured. 

The  central ßbre  of  the  nerve-tubes  is,  in  human  nerves,  in  the  brain  and 
spinal  cord,  as  they  are  usually  received  for  investigation,  everywhere  and 
wath  certainty  recognisable  on  close  examination,  and,  indeed,  most  easily  in 
the  central  parts,  where  the  absence  of  neurilemma  and  the  delicateness  of 
the  nerve-sheaths  less  oppose  the  tearing  of  the  tubes.  Moreover,  the  central 
or  axis-fibre  may  also  be  occasionally  recognised  in  perfectly  fresh  nerves  of 
animals.  If  a  thin  cutaneous  nerve  of  a  newly-killed  frog  be  touched  with 
a  drop  of  concentrated  or  glacial  acetic  acid,  while  at  the  same  time  it  is 
observed  with  a  power  magnifying  100  times,  it  is  instantaneously  seen,  that 
whilst  the  nerve  shortens,  the  pale,  clear,  axial  fibre  passes  out  at  both  the 
cut  ends,  together  with  large  portions  of  the  medullary  sheath,  which  has 
become  grumous.  Alcohol  and  ether,  especially  when  hot,  display  the  axis- 
cylinder  very  beautifully.  Besides  the  re-agents  mentioned,  chromic  acid, 
corrosive  sublimate,  iodine,  or  iodine  with  hydriodic  acid,  may  be  used  with 
advantage.  Hydrochloric,  sulphuric,  and  fuming  nitric  acid  also  bring  the 
axis-cylinder,  in  certain  cases,  to  view. 

With  reference  to  its  chemical  properties,  the  central  fibre  swells  very 
considerably  in  concentrated  acetic  acid,  dissolves,  however,  with  difficulty, 
and,  even  after  several  minutes'  boiling,  although  pale,  is  still  unaltered. 
When  boiled  longer  with  acetic  acid,  it  dissolves  just  as  coagulated  albumen 
does  ;  on  the  other  hand,  the  sheaths  and  some  of  the  contents  remain 
undissolved.  Alkalies  (potass,  soda,  ammonia),  when  cold,  attack  the  axis- 
cylinder  but  slowly,  still  it  becomes  pale  instantaneously  in  caustic  soda,  and 
swells  up  to  0-004'",  0-005'",  or  even  o-oo6"'  in  diameter.  Longer  treatment  in 
caustic  soda  dissolves  it ;  and  this  takes  place  more  rapidly  with  the  aid  of 
heat ;  as  soon,  in  fact,  as  the  fluid  begins  to  boil.  When  treated  with  nitric 
acid  and  caustic  potass,  the  axis-cyhnder  becomes  yellow  (xanthoproteic  acid), 
and  appears  spirally  contracted  in  the  nerve-tube,  which  is  also  shortened, 
although  in  a  slighter  degree.  On  the  other  hand,  sugar  and  concentrated 
sulphuric  acid,  which  colour  coagulated  albumen  red,  do  not  colour  the  axis- 
cylinder,  or  at  most,  give  it  a  yellowish  or  a  slightly  reddish  tint.  In  water  it 
is  not  altered,  not  even  by  boiling  ;  but  by  that  means  it  is  readily  isolated, 
and  appears  somewhat  shrivelled  ;  ether  and  alcohol,  even  when  boiling,  do 
not  dissolve  it,  but  cause  it  to  shrink  a  little.  The  latter  effect  is  produced 
also  by  corrosive  sublimate,  chromic  acid,  iodine,  and  carbonate  of  potass. 
Taking  all  these  reactions  together,  it  may,  perhaps,  be  concluded  with  cer- 
tainty, that  the  axis-cylinder  is  a  coagulated  protein  compound,  which,  how- 
ever, differs  from  fibrine,  inasmuch  as  it  does  not  dissolve  in  carbonate  of 
potass  and  nitric  acid,  and  offers  much  more  resistance  to  acetic  acid  and 
caustic  alkahes.  It  agrees  with  the  substance  which  constitutes  the  muscular 
fibrils,  in  its  elasticity  and  insolubility  in  carbonate  of  potass  ;  but  is  distin- 
guished from  it  by  its  insolubility  in  diluted  hydrochloric  acid,  and  its  difficiüt 
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solubility  in  acetic  acid.  The  conclusion  which  may  be  drawn  from  these  facts 
appears  to  me  to  be  simply  this,  that  the  axis-cylinder  is  not  an  artificial  pro- 
duct, but  must  be  admitted  to  be  an  essential  constituent  of  the  living  nerves. 

Non-medullary  ncrve-ßlyres  are  found  in  ^  many  places.  I  reckon  among 
them,  I.  the  pale  fibres  of  the  Pacinian  bodies  ;  2.  the  nucleated  pale  fibres 
at  the  terminations  of  the  olfactory  nerves  ;  3.  the  perfectly  tra,nsparent  non- 
nucleated  nerve-fibres  in  the  cornea ;  4.  the  pale,  branched,  and  in  part  anas- 
tomosing nerve-terminations  in  the  electric  organs  of  Torpedo  and  Raya  ; 
5.  the  similarly  conditioned  nerve-terminations  in  the  skin  of  the  mouse 
{KölUher),  and  shrew-mouse  {Hessling) ;  6,  the  pale  processes  of  the  nerve- 
cells  of  tlie  central  organs  and  ganglia,  although  they  may  not  all  pass  into 
dark-bordered  fibres  ;  7.  the  optic  fibres  in  the  retina  and  Mullcr' sßl)rcs  in 
the  latter,  the  nerve-terminations  in  the  cochlea  ;  8.  the  nerve-fibres  of  inver- 
tebrata  and  of  some  fishes. 

§  110.  ^\\Q  nerve-cells  (nerve-corpnscles,  Valentin)  (fig.  92),  are 
nucleated  cells_,  which  exist  in  large  numbers  in  the  grey  or  coloured 

Fig.  92. 


Nerve-cells,  from  the  acoustic  nerve;  magnified  350  times.  1.  Nerve-cell,  with  the  origin  of 
a  fibre,  from  the  anastomosis  between  the  facial  and  auditory  nerves,  in  the  tneat.  aud.  int.  of 
the  ox  ;  a.  membrane  of  tlie  cell ;  6  contents  ;  c.  pigment ;  d.  nucleus  ;  e.  continuation  of  the 
sheath  upon  the  nerve-fibre ;  /.  nerve-fibre.  2.  Two  nerve-cells  witli  fibres,  from  the  nerv. 
ampull.  infer,  of  tlie  ox;  a.  slieath  with  nuclei;  h.  membrane  of  the  cells;  d.  a  fibre  arising 
from  the  cell  witli  nucleated  sheath.  I  owe  these  drawings  to  tlie  kindness  of  the  Marquis 
Corti. 

substance  of  the  central  organs,  in  the  ganglia^  occasionally,  also, 
in  the  nervous  trunks  and  the  peripheral  expansions  of  the  nerves 
(retina,  cochlea,  vestibule).  The  nerve-cells  possess,  as  outer 
covering,  a  delicate,  structureless  memhrane,  which  can  be  readily 
demonstrated  in  the  cells  of  the  ganglia  (the  ganglion-cells, 
ganglion-corpuscles),  but  with  great  difficulty  in  those  of  the 
central  organs;  still  even  here,  on  the  addition  of  re-agents,  the 
membrane  may  be  seen  with  tolerable  distinctness  in  the  larger 
cells,  whilst  in  the  smallest,  just  as  in  the  finest  nerve-tubes,  such 
a  membrane,  although  it  perhaps  exists,  cannot  be  distinguished. 
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The  contents  of  the  nerve-cells  are  a  soft,  but  viscid,  elastic  sub- 
stance, which,  apart  from  the  cell-nucleus,  consists  of  two  parts : 
firstly,  of  a  clear,  homogeneous,  slightly  yellowish,  or  colourless 
matrix,  which  determines  the  physical  properties  of  the  contents  of 
the  nerve-cells,  and  is,  for  the  most  part,  a  protein  compound; 
and,  secondly,  of  fine  granules  of  various  kinds.  In  the  colourless 
nerve-cells,  the  granules  are  distributed  through  the  whole  contents, 
and  imbedded  in  the  tenacious  matrix  in  form  of  uniformly  large, 
rounded,  mostly  very  fine  and  pale,  more  rarely  larger  and  dark, 
particles;  whilst  in  the  coloured  cells,  instead  of  these,  there  are 
found  particles  of  a  more  or  less  yellowish  brown,  or  black  colour. 
These  latter  are  mostly  large,  and  usually  lie  close  together  at  one 
part  of  the  cell,  in  the  neighbourhood  of  the  nucleus;  at  other 
times,  they  almost  completely  fill  the  cell,  and  give  it  the  appear- 
ance of  a  brown  or  black  pigment-cell.  In  the  midst  of  these 
contents  the  cell-nucleus  is  embedded,  and  is,  for  the  most  part, 
distinctly  visible  as  a  spherical  vesicle,  with  well-defined  walls,  per- 
fectly clear  flLiid  contents,  and  one,  or  more  rarely  several,  dark, 
large  nucleoli,  which  occasionally  contain  a  cavity  in  their  interior. 

The  nerve-cells  are  very  various  in  magnitude,  being,  like  the 
fibres,  of  large,  small,  and  medium  size.  The  extremes  for  the 
cells  are  o'ooz'"  to  0-003'",  ^^^^  ^'^S'"  to  0'o6'"  in  diameter.  The 
nuclei,  which  mostly  correspond  to  the  cells,  measure  from  o'ooi5'" 
to  o'OoS'";  the  nucleoli,  from  0-0005'"  to  0-003'".  ^^^^  nerve-cells 
are  further  distinguished:  i.  into  thin-walled  and  tldck-iü ailed,  of 
which  the  former  are  almost  all  found  in  the  brain  and  spinal  cord ; 
and  2.  into  independent  cells  and  cells  with  pale  processes,  which  are 
either  single,  or  in  pairs,  or  several  (uni-,  bi-,  multipolar  cells), 
and  ramify  frequently ;  these  processes  are,  in  many  places,  con- 
tinued into  dark-bordered  nerve-fibres,  and  are  even  to  be  regarded 
as  non-medullated  nerve-fibres. 

Besides  the  nerve-cells,  there  exist  in  the  grey  substance  of  the 
higher  central  organs,  as  constant  constituents,  a  finely  granular 
pale  substance  which  bears  the  greatest  resemblance  to  the  contents 
of  the  cells,  and  large  local  collections  of  free  cell-nuclei.  The 
retina,  and,  according  to  Wagner  and  Hohin,  the  ganglia  of  pla- 
giostomatous  fishes,  contain  similar  elements. 

It  is  still  undetermined  whether  or  not  the  nerve-cells  of  the  great  central 
organs  possess  membranes.  Stannins  could  not  find  them  in  the  lamprey, 
and  R.  Wagner  states  the  same  to  be  true  of  the  nerve-cells  in  the  electric 
lobes  of  the  torpedo.  I  believe  I  have  seen  a  membrane  in  the  large  stellate 
corpuscles  in  the  human  spinal  cord  and  cerel)ellum,  and  occasionally,  also, 
in  others  ;  still  I  willingly  admit,  that  in  all  the  smaller  cells,  and  the  pro- 
cesses of  the  central  cells  in  general,  no  covering  can  be  perceived.  This 
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does  not  appear  to  me,  however,  a  sufficient  reason  for  denying  its  existence  ; 
and  I  believe  that  here,  as  in  the  case  of  the  finest  nerve-tubes,  we  must 
abstain,  for  the  present,  from  giving  a 'definite  opinion. 

Within  the  last  year.  Stilling  has  described  a  very  comphcated  structure 
in  the  nerve-cells  and  nervous  fibres,  viz.,  anastomosing  small  tubuh  occurring 
in  great  numbers  in  all  parts  of  these  elements.  I  for  my  part  cannot  lay 
great  stress  upon  the  assertion  of  this  author,  inasmuch  as  his  observations 
have  been  made  on  chromic  acid  preparations,  and  because  he  gives  no  proot 
whatever  that  the  pretended  tubuh  are  really  such. 

CentRxVL  Nervous  System. 

§  III.  Spinal  Marrow.— nervous  elements  in  the  spinal 
marrow  are  so  distributed,  that  the  external  white  substance  is 
exclusively  formed  of  nerve-tubes ;  the  grey  centre,  with  its  pro- 
cesses or  cornua,  on  the  other  hand,  of  nerve-tubes  and  nerve- cells, 
in  almost  equal  proportion. 

The  lüliite  substance  of  the  spinal  marrow  may,  for  convenience 
of  description,  be  divided  in  the  customary  manner  into  two  halves, 
and  each  of  these  into  three  columns.    The  anterior  columns  are 
almost  completely  separated  from  each  other  by  the  anterior  fissure 
which  extends  along  the  whole  length  of  the  cord,  and  into  which 
a  vascular  process  of  the  pia  mater  dips,  but  are  still  connected  at 
the  bottom  of  the  fissure  bv  the  anterior  or  white  commissure. 
They  extend  outwardly  to  the  ph^ce  of  exit  of  the  anterior^  roots, 
or  to  the  sulc2is  lateralis  anterior,  but  are  here,  however,  insepa- 
rably connected  with  the  lateral  cords,  which,  in  like  manner,  at 
the  place  of  exit  of  the  posterior  roots,  where  the  sulcus  lateralis 
posterior  is  situate,  pass  into  the  posterior  cords  without  any  line 
of  demarcation.    These  posterior  cords  apparently  meet,  it  is  true, 
in  the  posterior  median  line,  inasmuch  as  the  posterior  fissure 
assumed  by  many  does  not  exist  in  man,  except  in  the  lumbar 
enlargement  and  the  upper  cervical  region ;  but  they  are  so  sepa- 
rated from  each  other,  in  the  entire  extent  of  the  cord,  by  very 
numerous  vessels  and  connective  tissue,  which,  in  the  posterior 
median  line,  penetrate  as  far  as  the  grey  central  part,  that  their 
elements  do  not,  in  most  places,  come  in  contact  at  all,  and 
where  this  is  the  case,  are  only  in  juxtaposition,  and  never  pass 
from  one  side  to  the  other.    The  whole  substance  of  the  cord, 
accordingly,  exhibits  two  halves,  united  only  by  the  anterior  white 
commissure,  each  of  which  may  be  divided  more  artificially  into 
three  columns,  which  fill  up  the  depressions  existing  between  the 
projections  of  the  grey  substance. 

The  grey  substance  possesses  a  middle  ribbon-shaped  portion 
and  four  lamiuje,  proceeding  from  it  laterally,  so  that,  when  viewed 
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in  a  transverse  section,  it  forms  a  cross.  The  middle  portion,  or 
grey  commissure,  contains,  in  the  foetus,  and,  in  most  cases,  also  in 
the  adult,  a  canal  (canalis  spinalis) ,  with  cylindrical  epithelium, 
and,  around  this,  a  grey  substance,  the  central  grey  nucleus,  as  it 
was  termed  by  me,  but  which,  with  Virchow,  I  reckon  the  epen- 
dyma  of  the  canalis  spinalis,  and  will  call  central  epejuiymatic 
filament.  Before  and  behind  this  filament  there  are  nerve-fibres 
running  in  the  transverse  direction,  the  grey  or  posterior  commis- 
sure. Of  the  grey  laminse,  also  called  horns  [cornua),  the  anterior 
are  shorter  and  thicker,  uniformly  grey,  and  composed  of  larger 
and  smaller  nerve- cells  and  delicate  moderately-fine  nerve-fibres; 
the  posterior  are  longer  and  narrower,  and,  at  their  origin,  con- 
structed like  the  anterior,  but  mostly  with  smaller  cells ;  at  the 
free  border,  on  the  other  hand,  they  are  covered  by  a  clearer  layer, 
composed  principally  of  small  cells,  substantia  gelatinosa  [Rolando). 
With  regard  to  the  roots  of  the  spinal  nerves,  the  anterior  pass 
between  the  anterior  and  lateral  columns  direct  to  the  anterior 
cornua ;  and  the  posterior,  passing  through  the  substantia  gela- 
tinosa into  the  posterior  laminae,  are  lost  between  the  lateral  and 
posterior  columns. 

With  regard  to  the  internal  structure  of  the  spinal  marrow, 
there  are  to  be  distinguished  in  the  ivhite  substance,  i,  horizontal, 
and,  2,  longitudinal  fibres.  The  latter  are  found  in  all  places  with 
the  exception  of  the  anterior  commissure,  are,  for  the  most  part, 
unmixed  with  horizontal  fibres,  and  run  everywhere  parallel  to 
each  other,  without  even  forming  plexuses  or  constituting  fine 
bundles.  These  fibres,  of  o-ooi2"'  to  0-0048'"  in  thickness,  decrease 
in  number  from  above  downwards,  while,  as  will  be  afterwards 
shown,  they  successively  pass  into  the  grey  substance,  and  present 
the  general  characters  of  central  nerve-tubes.  The  transverse  fibres 
are  found,  i,  in  the  parts  of  the  lateral  and  posterior  columns 
adjoining  the  cornua  of  the  grey  substance,  the  description  of 
which  will  be  given  below  when  treating  of  that  substance ; 
2,  in  the  white  commissure;  and,  3,  at  the  place  of  entrance  of 
the  roots  of  the.  nerves.  The  luhite  or  anterior  commissure  is 
only  in  part  a  com.missure,  in  the  usual  acceptation  of  the  term, 
inasmuch  as  it  is  formed,  in  part,  by  the  deepest  nerve-fibres  of 
the  anterior  columns,  which,  whilst  they  bend  inwards  in  an 
oblique  direction,  decussate  in  front  of  the  grey  commissure, —  the 
bundles  coming  from  the  right  anterior  column  spreading  out  hori- 
zontally in  the  left  anterior  horn  of  the  grey  substance,  and  those 
from  the  left  column  radiating  into  the  right  anterior  horn.  Other 
fibres  of  this  commissure  are  real  commissural  filaments,  and 


220 


NERVOUS  SYSTEM. 


[sect.  III. 


Fig.  93. 


I  ^ 

Transverse  section  of  Imnian  spiral  cord,  close  to  the 
tliird  and  fourth  cervical  nerves;  magnified  ten  diameters 
(from  Siilling)  /.  Posterior  columns,  i  i.  Gelatinous  sub- 
stance of  the  posterior  horn.  L:  Posterior  root.  I.  Sup- 
posed anterior  roots,  a.  Anterior  fissure,  c.  Posterior 
fissure,  b.  Gray  commissure,  in  which  a  canal  is  contained, 
which,  according  to  this  writer,  extends  through  the 
length  of  the  cord.  g.  Anterior  horn  of  gray  matter  con- 
taining caudate  vesicles,  e.  Antero-lateral  column  (from 
I-  to  «). 


spread  from  it  into  tlie  posterior  grey  horns,  and  towards  tlie 
lateral  and  anterior  columns.    The  anterior  commissure,  whose 

thickness  is  in  a  great  mea- 
sure proportionate  to  that  of 
the  motor  roots,  and  whose 
breadth  is  dependent  upon 
that  of  the  spinal  marrow, 
is,  accordingly,  in  part  a 
real  decussation  of  the  an- 
terior columns. 

The  roots  of  the  spinal 
nerves  (fig.  93),  without  as- 
sociating at  all  with  the  lon- 
gitudinal fibres,  pass  bet  ween 
them  horizontally,  or  in  a 
slightly  ascending  direction, 
from  the  sulcus  lateralis  an- 
terior and  posterior,  in  order 
to  dip  into  the  anterior  and 
posterior  grey  laminae,  where 
we  shall  meet  with  them 
again.  Their  nerve-tubes  possess,  as  they  pass  into  the  cord,  all  the 
characters  of  central  fibres,  and  at  first  measure,  in  the  sensitive 
roots,  0*004'''  to  o'Oo6'",  in  the  motory  up  to  o*oo8"',  but  visibly 
become  narrower  and  narrower,  so  that  finally  the  former  pass  into 
the  grey  substance  with  a  diameter  scarcely  more  than  o'ooi2'" 
to  0*0028'",  the  latter  with  a  diameter  generally  not  more  than 
0*004". 

In  the  grey  substance,  the  nerve-cells  and  the  nerve-tubes  are 
deserving  of  special  consideration.  The  former  occur  in  various 
forms;  but  all  agree  in  the  circumstance,  that  they  invariably 
possess  several  processes,  which  finally,  ramifying,  run  out  into  very 
fine  pale  fibrils,  like  the  finest  central  fibres  of  the  nerve-tubes. 
At  the  apex  of  the  anterior  horn  especially,  they  are  well-developed 
large  nerve- cells,  forming  an  inner  and  an  outer  group  (fig.  93 
they  also  occur  in  the  other  parts  of  the  anterior  horn,  and  also, 
although  less  numerously,  in  the  posterior  horn,  in  which,  between 
the  two  enlargements,  a  part  of  them  forms  a  very  remarkable 
group,  at  the  outer,  side  of  the  apex  of  the  posterior  fasciculi 
(^Clarke's  posterior  vesicular  columns),  but  never  in  the  sub- 
stantia gelatinosa  and  the  grey  commissure.  All  these  cells  are 
0*03'"  to  o*o6"'  in  size,  fusiform  or  polygonal,  frequently  brown- 
pigmented,  with  nuclei  of  0  005'"  to  O'ooS'",  and  with  2  to  9,  or  even 
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more^  branched  processes,  which,  at  their  origin^  are  frequently 
0"004'"  to  o"005'"  thick,  and  can  be  followed  for  a  distance  of 
O'l'''  to  o'2^''\  These  processes  finally  run  out  into  fine  fibrils, 
Avhich  are  scarcely  thicker  than  0'0004''';  all  lying  in  the  grey  sub- 
stance. Besides  these  large  multi -radiate  cells,  there  occur  in  the 
grey  substance,  and  also  in  the  substantia  gelatinosa,  other  very 
numerous  but  more  isolated  small  cells  between  the  nerve-tubes, 
the  signification  of  which  it  is  difficult  to  ascertain  in  the  actual 
case.  Some  of  them  are  evidently  nerve-cells ;  others  are  no  less 
certainly  merely  plasm-cells,  such  as  occur  in  connective  tissue, 
and  belong  to  the  stroma  of  that  tissue,  which  is  distributed 


Fig.  94. 


Large  nevve-cells,  with  processes  from  the  anterior  horns  of  the  hmnan  spinal 
cord,  magnified  350  times. 

throughout  the  entire  extent  of  the  spinal  marrow,  and  supports 
the  nervous  elements. 

The  nerve-tubes  of  the  grey  substance  are  extremely  numerous, 
constituting  in  every  case  the  half,  if  not  more,  of  it,  and  present 
the  same  characters  as  those  of  the  white  substance,  except  that 
they  are,  on  an  average,  only  of  half  the  diameter,  or  less  (down  to 
o*ooo8''').  Still,  just  as  in  the  white  substance  and  the  entering 
nerve-roots,  large  fibres  are  also  found  here,  especially  in  the  ante- 
rior horns,  but  more  isolated,  and  particularly  towards  the  anterior 
roots.    The  investigation  of  the  course  of  these  nerve-fibres  in  the 
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grey  substance  is  one  of  the  most  difficult  of  microscopical  tasks. 
If  we  here  more  especially  consider  those  of  the  nerve-roots ;  it 
is  seen,  that  the  fibres  of  the  anterior  or  motory  roots,  after  they 
have  passed  into  sulcus  lateralis  anterior,  and  into  the  adjoining 
parts  of  the  anterior  and  lateral  columns,  and  have  penetrated 
horizontally  through  the  longitudinal  fibres  of  these,  extend  further 
in  the  grey  substance  of  the  anterior  horn  chiefly  in  two  direc- 
tions. Some  fasciculi  proceed  directly  backwards  and  somewhat 
inwards  in  the  innermost  part  of  the  anterior  horns,  bordering  on 
the  anterior  columns.  In  this  course,  many  of  them  pass  through 
the  inner  group  of  large  nerve-cells,  without  appearing  to  be  con- 
nected with  the  processes  of  the  cells,  and,  still  running  in  the 
anterior  horns,  finally  arrive  at  the  lateral  parts  of  the  anterior 
commissure ;  they  are  then  continued  into  the  fibres  of  the  latter, 
and,  indeed,  in  such  a  manner,  that  the  root-fibres  of  the  right 
side  pass  into  the  left  anterior  columns,  those  of  the  left  side  into 
the  right.  In  the  white  commissure,  accordingly,  a  connection  of 
the  longitudinal  fibres  of  the  anterior  columns,  and  of  a  part  of 
the  motor  roots,  conjoined  with  a  total  decussation,  takes  place. 

Another  part  of  the  fibres  of  the  motor  roots,  viz.,  the  outer 
root-fibres  entering  the  anterior  horns,  have  not  the  slightest 
connection  with  the  anterior  columns.  These  fibres,  which  are 
generally  distributed  in  bundles,  or  may  even  separate  into  in- 
dividual fibres,  and  are,  consequently,  less  readily  observable,  run 
partly  directly  backwards,  partly  in  a  curved  manner  outwards,  but 
finally  turn  to  the  anterior  half  of  the  lateral  columns,  where  they 
pass  through  the  outer  group  of  the  large  multi-radiate  cells  of  the 
anterior  hoi'us,  and  then  enter  the  lateral  columns  in  a  horizontal 
course.  Now,  these  transverse  fibres  extend  for  a  variable  distance 
into  the  lateral  columns  (to  nearly  half  or  more  outwards),  then 
turn  upwards,  and  pursue  their  course  further  as  longitudinal 
fibres ;  in  other  words,  a  second  part  of  the  motor  roots  is  in  con- 
nection with  the  anterior  half  of  the  lateral  column  of  the  same 
side,  and  leaves  the  cord  without  ever  having  decussated. 

Besides  these  fibres,  there  exist  many  others  from  the  motory 
roots,  which,  after  having  entered  the  grey  substance,  spread  out 
in  this,  especially  in  the  direction  of  the  posterior  grey  horns,  and 
are  lost  in  the  inextricable  network  of  fine  nerve-fibres,  which 
occurs  in  nearly  every  part  of  the  grey  substance. 

All  fibres  of  the  motor  roots  become  smaller  and  smaller  from 
their  entrance  into  the  cord  as  far  as  the  grey  substance,  to  in- 
crease again  when  they  join  the  longitudinal  elements  of  the 
medulla,  although  they  never  regain   their   original  diameter. 
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Besides  the  fibres  of  the  motor  roots,  which,  in  the  cord,  are 
directly  continued  into  the  elements  of  the  anterior  and  lateral 
columns,  others,  according  to  recent  investigations,  appear  to  exist, 
which  stand  in  connection  with  the  nerve-cells,  and,  accordingly, 
seem  thus  to  take  their  origin  in  the  spinal  marrow  itself. 

The  posterior  nerve-roots  (fig.  93,  A-)  pass  horizontally,  or  some- 
what obliquely  upwards,  from  the  sulcus  lateralis  posterior 
through  the  longitudinal  fibres  of  the  region  of  conjunction  of  the 
lateral  and  posterior  columns,  and  through  the  latter,  in  which 
they  run  generally  in  a  beautifully  arched  manner,  as  far  as  the 
posterior  horns.  Here  they  separate  into  larger  and  smaller  bun- 
dles (of  0-0 t'''  to  0-02"'),  and  each  separately  is  continued  di- 
rectly and  without  entering  into  any  direct  connection  with  nerve- 
cells  through  the  substantia  gelatiiiosa  into  the  substantia  grisea. 
In  the  latter,  they  pursue  different  directions.  One  set  of  them 
bend  in  a  curved  manner,  or  nearly  at  a  right  angle,  upwards  and 
downwards  (Clarke),  run  farther  longitudinally  in  the  most  poste- 
rior part  of  the  substantia  grisea,  close  in  front  of  the  substantia 
gelatinosa,  and  seem  partly  to  join  the  posterior  and  lateral 
columns  in  order  to  extend  further  as  longitudinal  fibres,  but 
partly  to  enter  again  the  grey  substance  in  a  horizontal  direc- 
tion. A  second  part  of  the  sensitive  roots  penetrate  always  in 
bundles  further  forwards  between  the  just  mentioned  longitudinal 
bundles  in  the  grey  substance  itself,  and  are  finally  lost  in  the 
anterior  horns,  in  the  grey  or  posterior,  and  the  anterior  commis- 
sure. The  grey  commissure  stands  in  connection  with  the  sensitive 
roots,  but  its  fibres  also  spread  out  in  the  direction  of  the  lateral 
white  columns  and  the  anterior  grey  horns. 

In  the  substantia  gelatinosa,  the  fibres  of  the  sensitive  roots  never 
measure  more  than  0-004''';  in  the  grey  substance,  o-ooi'"  to 
0'003"';  in  the  grey  commissures,  only  o"ooo8"'  to  0*0012'";  and 
in  the  posterior  and  lateral  columns  again,  0*0012  to  0.004"'. 
Several  authors  are  of  opinion,  that  certain  of  the  fibres  of  the 
sensitive  roots  are  also  connected  with  the  nerve-cells  in  the  spinal 
marrow ;  still  this  point  is  not  nearly  so  well  ascertained  as  iu  the 
case  of  the  anterior  roots.  Besides  the  fibres  connected  with  the 
motory  and  sensitive  nerves,  there  are  seen  in  the  grey  substance 
a  good  many  nerve-tubes,  which  cannot  be  directly  traced  to  the 
roots,  although  tliey  may  possibly  belong  to  them. 

The  central  canal,  which  some  authors,  as  Stilling  and  Wagner, 
rejrard  as  constant,  seems  to  be  sometimes  obliterated  in  the  adult. 
When  it  exists,  it  is  well  marked  in  the  entire  length  of  the  cord 
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with  a  width  varying  from  o'oi'''  to  O'l'",  and  of  a  rounded  or 
triangular  form.  It  lies  in  the  midst  of  the  central  grey  nucleus, 
which,  with  VircJwiv,  I  refer  to  the  ependyma,  and  consider  analo- 
gous to  the  thickenings  of  the  ependyma  of  the  brain.  This  sub- 
stance is  thickest  in  the  lumbar  enlargement,  and  presents  a 
pyriform,  scutiform,  or  heart-shaped  figure  on  a  transverse  section. 
The  cells  embedded  in  it  are,  from  their  stellated  form  and 
branched  processes,  undoubtedly  very  similar  to  nerve-cells ;  they 
have,  however,  frequently  as  many  as  five  nuclei,  and  must  be 
ranked  with  the  plasm-cells  of  the  connective  tissue.  In  chromic 
acid  preparations,  I  have  seen  cilia  upon  the  cylindrical  epithelial 
cells  of  the  central  canal,  which  observation  has  been  confirmed  by 
SiilUng. 

The  fllum  terminale  is  traversed  in  its  whole 
length  by  a  continuation  of  the  central  canal 
of  the  marrow,  and  contains,  in  its  upper  part 
true  dark  bordered  nervous  fibres. 

WJkp'  §  112.  Probable  course  of  the  Nerve-fibres 

in  the  Spinal  Cord. — We  have  found  that  the 
motor  and  sensitive  roots  do  not  terminate  in 
the  grey  substance  of  the  cord  at  their  point 
of  attachment,  as  would  appear  at  first  sight, 
but  that  a  part  of  them  turn  upwards,  and 
accompany  the  longitudinal  fibres  of  the  white 
substance.  The  important  question  noAV  is  to 
know  what  becomes  of  these  fibres,  whether  after 
a  shorter  or  longer  course  they  terminate  in 
the  cord,  or  whether  they  all  ascend  to  the 
brain.  As  is  well  known,  the  majority  of  in- 
quirers have  been  till  quite  lately  of  the  latter 
opinion,  which  was  based  less  upon  direct 
observations,  than  upon  the  ground  of  proba- 
bility, until  Volkmann,  in  his  justly  celebrated 
article,  ^  Nervenphysiologie,'  Wagner's  Hand- 
worterb.  d.  Physiol,  vol.  ii.,  shook  it  to  its 
foundation,  carrying  the  majority  of  physiolo- 
gists with  him.  I  have,  however,  shown,  that 
Volhnanns  arguments  are  not  sufficient ;  and  from  this  time  a 
series  of  new  investigations  have  been  made,  from  which  it 
appears  to  become  more  and  more  evident,  that  a  part  of  the 
fibres  of  the  spinal  nerves  come  from  the  brain,  whilst  another 
arises  or  ends  in  the  cord  itself. 
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Five  transverse  sec- 
tions througli  a  liutnan 
spinal  cord,  hardened 
by  cliromic  acid,  to 
show  tlie  relative  pro- 
portions of  the  gray 
and  white  substances, 
of  natural  size.  A. 
From  the  conus  me- 
dullaris.  B.  From  the 
lumbar  enlargement. 
C.  From  the  dorsal 
part.  D.  From  tlie 
cervical  enlargement. 
E.  From  tlie  superior 
cervical  portion. 
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Whoever  wishes  to  become  acquainted  with  the  particulars  of  Yolkmann's 
statements  and  my  refutation  of  them,  may  find  them  in  my  Microscopical 
Anatomy. 

The  more  recent  works  of  Stilling,  Clarke,  myself,  R.  Wagner,  Bidder  and 
his  scholars,  and  Schröder  v.  d.  Kolk,  upon  the  spinal  marrow,  differ  in  many 
respects  ;  and  I  may  notice  here  some  of  the  principal  points.  The  principal 
difference  consists  in  this :  that  Bidder  and  others  assert,  that  all  the  fibres  of 
the  roots  of  the  spinal  nerves,  as  well  as  all  the  fibres  of  the  white  substance, 
are  connected  with  the  nerve-cells  in  the  spinal  marrow,  whilst,  according  to 
me,  many  nerve-fibres  proceed  directly  from  the  brain  towards  the  periphery, 
and  vice  versa.  Moreover,  Schroder  von  der  Kolk  and  R.  Wagner  assert,  that 
the  nerve-cells  also  anastomose  by  means  of  their  processes,  whilst  it  has  not, 
in  my  opinion,  been  demonstrated  that  these  processes,  which  I  was  the  first 
to  declare  as  a  kind  of  nerve-fibres,  have  not  also  free  terminations. 

With  reference  to  the  course  of  the  fibres  in  the  cord.  Stilling  has 
advanced  a  hypothesis  which  holds  a  middle  position  between  the  one 
defended  by  me  and  that  of  Volkmann.    Stilling  is  of  opinion ;  1,  that  all 
the  fibres  of  the  motor  roots  arise  from  the  cells  of  the  anterior  horns  ;  2, 
that  the  majority  of  the  fibres  of  the  sensitive  roots  probably  pass  directly 
into  the  longitudinal  fibres  of  the  posterior  columns  ;  3,  that  the  remaining 
portion  of  the  longitudinal  fibres  of  the  wählte  substance,  accordingly,  the 
anterior  and  lateral  columns,  take  their  origin  from  the  cells  of  the  gray 
substance  ;  4,  that  the  anterior  commissure  represents  a  connection  of  the 
two  anterior  horns  ;  and,  5,  that  the  gray  substance  contains  no  special  fibres. 
Wagner,  on  his  part,  is  inchned  to  hold,  that  first,  all  the  nerve-cells  of  the 
cord  anastomose  with  each  other,  and,  secondly,  that  the  greater  part  also  of 
the  fibres  arise  from  the  cells,  yet  the  special  descriptions  of  these  relations, 
which  he  has  given  in  his  last  work,  difier  very  considerably  from  each  other. 
As  far  as  I  am  concerned,  it  ajopears  to  me  in  the  first  place  as  yet  impossible 
to  give  an  accurate  exposition  of  the  course  of  the  fibres  in  the  cord,  and  the 
following,  accordingly,  may  be  regarded  only  as  an  outline  to  be  filled  up  by 
future  researches.    First  of  all,  it  appears  certain,  that  part  of  the  spinal 
nerves  do  not  arise  in  the  cord,  but  in  the  brain ;  and  1  am  not  disincHned 
to  assume,  that  part  of  the  sensitive  fibres  of  the  skin  and  of  the  outermost 
parts  of  the  mucous  membranes,  as  well  as  of  the  motory  fibres  of  the 
voluntary  muscles  belong  to  this  category.      Secondly,  I  consider  it  as 
probable,  that  the  fibres  proceeding  from  the  spinal  marrow  to  the  sympa- 
thetic and  other  parts,  as  vessels,  cutaneous  muscles,  bones,  etc.,  which  are 
but  remotely  connected  with  conscious  sensations  and  subservient  to  the 
involuntary  movements,  in  as  far  as  they  do  not  come  from  spinal  ganglia, 
arise  in  the  spinal  cord  from  the  nerve-cells.*    Thirdly  and  lastly,  I  think  I 
am  warranted  in  affirming  the  existence  of  anastomoses  of  the  nerve-cells, 
although  I  do  not  assert  that  their  processes  may  not  also  run  out  into  free 
extremities,  and,  without  entering  into  direct  connection  with  the  nerve-fibres, 
act  upon  the  latter.   Since,  at  any  rate,  all  the  elements  of  the  nervous  system 


^  A  part  of  these  fibres,  also  a  part  of  the  sensitive  fibres  of  the  skin,  and  of 
the  motor  elements  of  the  voluntary  muscles,  may  possibly  take  their  origin 
in  the  spinal  marrow,  which  fibres  then  would  correspond  to  the  excito-motory 
elements  of  Afarshall  Hall 
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are  not  continuously  connected  with  each  other  — the  unipolar  cells,  which 
undoubtedly  exist  in  many  places  for  example  —  there  is  certainly  no  necessity 
for  assuming  something  of  this  kind  in  the  case  of  the  spinal  cord,  and  by  this 
means  render  the  isolated  conduction  of  the  nervous  influence  in  definite 
paths  more  inexplicable. 

The  most  recent  Dorpat  dissertations  give  very  interesting  information  on 
the  spinal  cord  of  birds,  of  fishes,  and  of  frogs  ;  still,  as  Stilling  and  I  have 
recently  shown  (see  Z.f.  Wiss.  ZooL,  vol.  ix.),  they  are  in  many  respects 
inexact.  At  all  events,  we  must  be  on  our  guard  in  applying  these  relations 
to  the  human  cord  without  further  investigation.  In  the  lower  vertebrata, 
the  gray  substance  evidently  contains  connective  tissue,  and  from  this  cir- 
cumstance Owsjannikow  supposes  that  it  also  occurs  in  man.  This  is,  m 
fact,  the  case,  inasmuch  as  I  find  throughout  the  whole  gray  substance,  cells, 
which  present  the  character  of  plasm-cells,  and  lie  in  a  more  homogeneous 
stroma.  In  the  white  substance  besides,  areolar  tissue  undoubtedly  accom- 
panies the  vessels. 

§  113.  The  Medulla  Oblongata  and  Pons  PWo^n  belong  to  the 
most  complicated  parts  of  the  central  nervous  system,  and  contain 
white  and  grey  substance,  intermingled  in  very  various  ways. 
Besides  the  well-known  bundles  of  white  substance,  as  the  pyra- 
mids, olivary  bundles,  etc.,  whose  description  is  given  in^  every 
hand-book  of  Anatomy,  it  contains  a  peculiar  system  of  horizontal 
fibres,  which  appear  to  me,  in  part,  to  pass  from  the  restiform 
bodies  and  the  peduncles  of  the  cerebellum  into  the  anterior  part 
of  the  medulla  oblongata  (see  Stilling  s  work  and  my  Micros. 
Anatomy).  All  bundles  of  the  white  substance  consist  of  parallel 
nerve-tubes  of  the  same  dimensions  as  those  of  the  cord. 

The  gray  substance  is  found  collected  in  the  medulla  oblongata, 
especially  at  three  places:  i.  In  the  olivary  bodies  it  forms  the 
well-known  folded  lamina  constituting  a  capsule,  which  is  shut  on 
all  sides  except  the  inner,  and  consists  of  smaller  stellated  nerve- 
cells,  and  fibres  of  the  horizontal  system  traversing  them.    2.  In 
the  restiform  bodies  the  gray  substance  is  not  sharply  defined,  and 
occupies*  especially  the  fasciculus  lateralis.    It  is  a  continuation  of 
the  posterior  horns  of  the  spinal  cord,  and  even  presents  an  indi- 
cation of  the  sid)sta7itia  gelatinosa.    3.  The  gray  substance  at  the 
bottom  of  the  fourth  ventricle,  is  a  continuation  of  the  anterior 
parts  of  the  gray  substance  of  the  cord,  and  forms  a  tolerably  thick 
layer  extending  from  the  calamus  scriptorius  to  the  aquoiductus 
Sylvii.    It  contains  numerous  nerve-tubes  in  part  of  very  con- 
siderable size,  up  to  o-oo6''',  or  even  o-ooS''^  in  part  of  the 
finer  and  finest  kinds;   besides  these,  nothing  but  multipolar 
nerve-cells  from  o-oo6'"  up  to  0*03'''  and  more.    The  ala  cinerea 
and  substantia  ferruginea  possess  the  largest  cells,  and  in  the 
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latter  place  the  cells  are  pigmented  and  beautifully  branched. 
The  pons  Varolii  contains^  besides  the  just-mentioned  gray  masses, 
which  in  part  belong  to  it,  numerous  collections  of  gray  substance 
in  its  interior,  with  smaller  and  larger  multipolar  cells,  which  are 
so  irregularly  imbedded  between  the  white  fibres,  that  they  do  not 
admit  of  a  detailed  description. 

It  is  a  difficult  matter  to  ascertain  the  relations  of  the  ten  pairs 
of  nerves,  which  come  from  the  medulla  oblongata,  the  pons  and  the 
cerebral  peduncles.  But  few  inquirers  have  endeavoured  to  solve 
this  question  by  other  than  the  usual  means ;  that  is  to  say,  by 
following  the  fibres  with  the  knife,  which  is  not  ail-sufficient  here. 
Among  these  exceptions  are  E.  V/eher,  who  employs  preparations 
hardened  in  carbonate  of  potash,  and  Stilling,  who  uses  alcohol- 
preparations.  The  results  which  I  myself  obtained  by  chromic- 
acid-preparations,  which  were  mostly  rendered  transparent  by 
caustic  soda,  agree  in  almost  every  respect  with  those  of  Stilling, 
to  whom  we  are  indebted  for  a  very  beautiful  work  on  the  medulla 
oblongata  and  the  pons.  The  ten  posterior  cerebral  nerves  arise 
without  exception,  not  from  the  columns  or  collections  of  fibres 
from  which  they  pass  out,  but  all  penetrate  more  or  less  deeply 
into  the  central  parts,  and  ail,  probably,  become  connected  (some 
not  till  they  have  decussated,  like  the  trochlearis  and  probably  the 
hypoglossus  and  accessorius)  with  definite  parts  of  the  gray  sub- 
stance, which  Stilling  not  inaptly  calls  nerve-nuclei.  It  is  espe- 
cially the  floor  of  the  fourth  ventricle,  and  the  aqueduct  of  Sylvius, 
which  are  concerned  in  these  origins,  seeing  that  all  the  nerves  in 
question  extend  at  least  partially  to  them.  For  particulars,  see 
Stilling's  work  and  my  Micros,  Anatomy,  ii.  pp.  458—462. 

§  114.  The  Cerebellum,  in  the  distribution  of  its  elementary 
parts,  presents  rather  simple  relations,  grey  substance  occurring 
only  upon  the  surface  of  the  convolutions,  in  the  nucleus  dentatus, 
and  upon  the  roof  of  tlie  fourth  ventricle;  all  the  rest  consists 
of  white  substance.  The  latter  is  made  up  solely  of  parallel, 
probably  unbranched,  dark-bordered  nerve-tubes,  which  possess 
all  the  characters  of  central  tubes.  As  far  as  can  be  ascertained, 
they  present  almost  everywhere  essentially  the  same  relations, 
and  measure  from  0-0012'''  to  0-004'"  in  diameter,  their  mean 
diameter  being  0-002'".  The  grey  substance  exists,  i,  very 
sparingly  upon  the  roof  of  the  fourth  ventricle,  above  the  velu7n 
medulläre  inferius,  in  the  form  of  brown  cells,  of  o'oi'"  to  O'oj'" 
in  size,  scattered  in  the  white  substance,  and  readily  recognisable 
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by  a  practised  eye;  1,  in  the  niideus  dentatus,  wbose  greyish-red 
lamella  contains  a  considerable  number  of  yellowish  pigmentated 
nerve-cells  of  medium  size  (o-oo8'"  to  o'Oi^'"),  furnished  with 
from  two  to  five  processes,  which  are  not  directly  connected  with 
the  numerous  nerve-fibres  passing  between  them  from  the  white 
centre  of  the  nucleus  dentatus  into  the  white  substance  of  the 
hemispheres. 

The  relations  of  the  grey  substance  upon  the  surface  of  the 
convolutions  of  the  cerebellum  are  more  complicated  (see  my 
Microsc.  Anat,  tab.iv.  fig.  4-)-  That  substance,  as  is  well  known, 
consists  everywhere  of  an  inner  rust-coloured  and  an  outer  grey 
layer,  which,  except  in  the  furrows,  in  which  the  inner  layer  is 
generally  thicker,  are  nearly  of  equal  thickness  the  one  with  the 
other,  although  their  absolute  thickness  is  not  everywhere  the 


same 


The  inner  rust-coloured  layer  contains  nerve-fibres  and  large 
collections  of  free  nuclei.  The  former  come  from  the  white  sub- 
stance, and  pass  directly  from  within  into  the  rust-coloured  layer, 
generally  parallel  to  each  other,  although  in  all  the  convolutions 
on  a  transverse  section  the  fibres  spread  out  in  a  slight  degree  hke 
a  brush.  In  this  layer,  they  likewise  run  from  within  outwards, 
as  far  as  the  grey  layer,  but  break  up  into  many,  mostly  fine 
bundles,  which  are  variously  interwoven  with  each  other.  In  the 
meshes  of  these  nerve-fibres  are  situated  immense  numbers 
of  dark,  round  corpuscles,  of  0-002'"  to  0-004",  on  an  average 
0-003"',  in  size,  which  appear  to  be  free  cell-nuclei,  and  very  fre- 
quently present  a  distinct  nucleolus.  The  nerve-fibres,  diminished 
to  0-0012"'  in  diameter,  pass  out  of  the  rust-coloured  layer  into 
the  outer  grey  layer.  The  latter,  although  in  outward  appear- 
ance everywhere  quite  uniform,  consists  of  two,  but  not  sharply 
defined  layers,  of  which  the  inner  contains  nerve-fibres  and  very 
beautiful  large  nerve-cells,  the  outer,  on  the  other  hand,  presents 
only  a  finely -granular,  pale,  slightly  yellowish  substance,  which,  m 
general,  is  distributed  throughout  the  whole  grey  layer,  and  small 
nerve-cells  with  delicate  processes.  Altogether  different  from 
these  smaller  elements,  and,  at  the  same  time,  very  peculiar,  are 
the  large  cells  of  the  grey  layer  (fig.  96),  discovered  by  Purkinje. 
These  cells,  of  0-016'"  to  0-03'"  in  size,  and  of  a  round,  pyriform, 
or  ovoid  shape,  with  finely  granular,  colourless  contents,  are  found 
only  in  the  innermost  parts  of  the  grey  layer  at  the  limit  of  the 
rust-coloured  substance,  in  a  single  or  double  layer,  and  possess 
usually  from  2  to  3  long,  variously  branched  processes,  of  which 
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one  more  delicate  is  directed  inwards,  the  thicker  outwards.  The 
outer  processes  have  at  the  root  a  thickness  of  0*007'"  or  o'ooS'", 

Fiff.  96. 


Large  cells  of  the  grey  layer  of  the  cortical  substance  of  the  human  cerebellum. 
Magnified  350  times. 

and  are  there  very  finely  granular  in  substance,  or  very  delicately 
streaked;  but^  in  their  farther  course,  they  become  more  homo- 
geneous, and,  at  the  same  time,  ramify  in  the  most  varied  and 
beautiful  manner,  so  that  at  last  each  process  ends  in  a  large  tuft 
of  very  fine  fibrils,  the  finest  of  which  are  scarcely  0*0002""  in 
diameter.  A  part  of  them  penetrate  more  horizontally  into  the 
grey  layer;  most  of  them,  however,  proceed  directly  outwards, 
and  extend  into  two-thirds  or  three-fourths  of  its  thickness. 

In  the  innermost  part  of  the  grey  layer,  between  the  large  cells, 
there  are  also  nerve-fibres  which  become  progressively  finer,  and 
exchanging  their  dark  contours  for  paler,  diminish  in  thickness  to 
0'OOo6'"  and  0*0004'";  finally,  running  in  a  more  straight  direction 
and  isolated,  and  becoming  almost  as  pale  as  processes  of  nerve- 
cells,  they  are  lost  at  the  limit  between  the  inner  and  middle  third 
of  the  grey  layer.  All  the  crura  cerebelli  consist  of  parallel 
nerve-tubes. 

§  115.  Ganglia  of  the  Cerebrum. — All  the  three  pairs  of  ganglia 
of  the  brain,  corpora  quadrigemina,  optic  thalami,  and  corpora 
striata,  consist  of  large  collections  of  grey  substance  and  of  nerve- 
fibres,  of  which  the  former  are  in  part  perfectly  isolated  [corpus 
striatum).,  in  part  connected  with  each  other  and  with  grey  parts 
situate  deeper  {thalami  optici,  corpora  quadrigemina)  ;  whilst  the 
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fibres  connect  the  ganglia,  on  the  one  hand,  with  the  cerebellum 
and  medulla  oblongata,  and,  on  the  other,  with  the  hemispheres  of 
the  cerebrum. 

The  corpus  striatum  contains  two  large  grey  nuclei,  the  nucleus 
caudatus,  situate  anteriorly  and  superiorly,  and  the  nucleus  lenticu- 
laris, inferiorly  and  posteriorly,  which,  however,  are  connected  an- 
teriorly with  each  other,  and  form  one  mass ;  also  the  thin  nucleus 
tceniceformis  with  the  amygdala,  to  the  outer  side  of  the  lenticular 
nucleus.  The  corpus  striatum  is  principally  connected  with  the 
base  of  the  cerebral  penduncle  or  the  contination  of  the  pyramid, 
which  spreads  out  in  it  with  numerous  white  fibres.  The  grey 
substance,  as  is  almost  everywhere  the  case,  exhibits  nerve-cells 
and  fine  nerve-fihres.  The  former,  of  o-ooG"  to  o'oiS"'  in  size,  are, 
in  part,  colourless ;  in  part,  as  especially  in  the  nucleus  caudatus 
and  third  section  of  the  nucleus  lenticularis,  pigraentated;  they 
have  two  to  five  processes,  and  their  number  is  proportionate  to 
the  depth  of  colour  of  the  grey  substance. 

The  nerve-fibres  can,  for  the  most  part,  be  referred  to  the  base 
of  the  cerebral  peduncle.  They  are  dark-bordered  tubes,  of 
0-0012"'  to  0-005'",  mostly  of  0-002'"  to  0-004'"  in  size,  which 
lying  parallel  to  each  other,  penetrate  in  a  straight  direction  into 
the  first  division  of  the  lenticular  nucleus,  and  the  most  anterior, 
thickest  part  of  the  caudate  nucleus.  If  they  be  followed  further  in 
the  lenticular  nucleus,  they  are  seen  to  form  larger  and  smaller 
bundles,  and  then,  decreasing  somewhat  in  thickness  (the  most  of 
them  measure  0  00 12'"  to  0-003"'),  to  pass  in  a  straight  direction 
through  the  less  abundant  grey  substance  of  the  two  first  divisions 
of  it,  in  order,  at  last,  to  radiate  in  form  of  pencils  into  the  outer- 
most largest  division^  where  they  are  lost  to  view.  That  is  to  say, 
white  bundles  of  0-04'"  to  o'H'",  with  fibres  from  0-0012'"  to  0-002'", 
pass  parallel  to  one  another  from  the  second  division  into  the 
third,  which  bundles,  slightly  diverging  and  dividing  into  smaller 
ones,  proceed  further  towards  the  outer  border  of  the  lenticular 
nucleus,  and  before  they  have  reached  it,  disappear  to  the  naked 
eye.  If  these  fibres  be  followed  microscopically  in  chromic  acid 
preparations,  it  is  found  that  the  bundles  proceed  to  near  the 
outermost  part  of  the  lenticular  nucleus,  gradually,  however,  sepa- 
rate into  smaller  bundles  and  separate  fibres,  and  become  inter- 
woven with  one  another  in  various  ways.  That  these  fibres  terminate 
here,  and  do  not  proceed  farther  into  the  ivhite  substance  of  the 
hemispheres,  may  be  regarded  as  established,  since  not  a  trace 
of  their  further  progress  is  observable;  and  were  they  really 
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continued  farther^  the  fact  could  scarcely  fail  to  be  discovered  on 
careful  inspection.  Withdrawn  from  view,  it  is  doubtful,  on  the 
other  hand;  how  they  terminate.  All  I  can  say  is,  that  the  fibres 
of  the  nerve-bundles  entering  into  the  third  division  of  the  lenti- 
cular nucleus_,  as  may  be  directly  observed  in  many  preparations, 
become  gradually  so  fine  that  they  measure  only  0*0008'"  to 
0'OOo6''',  or  even  o'0004'''  in  diameter,  and  appear  almost  quite 
pale,  so  that  they  are  scarcely  distinguished  from  the  finer  pro- 
cesses of  the  nerve-cells,  with  which,  in  fact,  unless  the  whole 
appearance  is  deceptive,  they  may  in  reality  be  connected.  All  the 
fibres  entering  the  nucleus  caudatus  present  a  corresponding  arrange- 
ment with  those  just  described.  One  part  of  them  proceed  directly 
from  the  base  of  the  cerebral  peduncle  into  the  nucleus  j  the  other, 
entering  its  thinner  part,  obviously  come  from  the  nucleus  lenticu- 
laris^ having  previously  passed  through  the  two  first  divisions  of 
the  latter.  Here,  also,  there  is  no  transition  of  these  fibres  into 
the  white  substance  of  the  hemispheres,  but  a  separation  of  the 
bundles  into  networks  of  the  finest,  almost  non-medullary  fibres, 
and  most  probably  a  connection  of  the  fibres  with  the  cells. 

Besides  the  above-described,  and,  unquestionably,  very  numerous 
nerve-fibres,  which  come  from  the  cerebral  peduncles  and  terminate 
in  the  corpus  striatum,  the  nuclei  of  the  latter  contain  a  consider- 
able number  of  others,  of  whose  origin  it  is  difficult,  and,  in  some 
respects,  impossible,  to  speak  positively.  I  believe  I  can  trace  one 
set  of  these  tubes  to  their  origin.  In  the  outermost  part  of  the 
great  nucleus  of  the  corpus  striatum,  there  is  found  in  different 
sections  a  considerable  number  of  bundles  of  tolerable  size,  but 
invisible  to  the  naked  eye,  which  are  distinguished  by  their  com- 
parative thickness  and  the  diameter  of  their  tubes  (from  0*0012''' 
to  0-002'"),  from  the  fibres  of  the  cerebral  peduncle,  which  are 
here  very  fine  and  split  up  into  networks.  It  is  easy  to  see  that 
all  these  bundles  come  from  the  medullary  substance  of  the  hemi- 
spheres, and  that  they  enter  the  corpus  striatum  after,  as  it  appears, 
they  have  run  for  a  certain  distance  at  the  border,  and  parallel  to 
the  surface  of  that  body.  Many  of  these  fibres  also  simply  extend 
from  the  medullary  substance  into  the  ganglia,  and  in  this  course 
decussate  with  the  former  fibres  at  a  right  angle.  All  these  fibres, 
collected  into  bundles,  penetrate  into  the  grey  substance  of  the 
corpus  sti'iatuin  and  the  third  division  of  the  lenticular  nucleus, 
and  then  terminate,  as  I  believe  I  have  found,  in  narrow  loops, 
without  forming  expansions  or  plexuses,  or  suffering  further 
attenuation. 
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AVliile  it  is  comparatively  easy  to  ascertain,  at  least  in  its  prin- 
cipal features,  the  structure  of  the  corpora  striata,  it  is  far  other- 
wise with  the  optic  thalaini  and  corpora  quadrigemina,  and  chiefly 
because  the  nerve-fibres  are  less  disposed  in  bundles,  but  more 
isolated  and  most  intimately  mingled  with  the  grey  substance, 
and,  consequently,  cannot  be  followed  for  any  great  length.  In 
this  situation,  however,  the  investigation  of  the  grey  substance  is 
perfectly  easy,  and  its  elements,  the  nerve-cells,  present  nothing 
that  is  peculiar,  except  that,  in  the  optic  thalami,  they  are,  for  the 
most  part,  deeply  coloured ;  those  of  the  corpora  quadrigemina 
are,  on  the  other  hand,  pale.  With  regard  to  the  nerve-fibres,  it 
is  certain  that  the  upper  part  of  the  cerebral  peduncle,  i.  e.,  the 
crura  cerehelli  ad  corpora  quadrigemina  (the  continuations  of  the 
olivary  columns,  part  of  the  restiform  bodies  and  the  eminentice 
teretes),  enter  the  ganglia  in  question ;  still  I  have  not,  hitherto, 
succeeded  in  ascertaining  anything  definite  about  their  course.  I 
believe  I  am  warranted  in  stating,  that  at  least  the  greater  part  of 
these  bundles  do  not  pass  into  the  medullary  substance  of  the 
hemispheres,  because,  on  the  one  hand,  the  most  of  the  fibres  fall 
from  their  original  diameter  of  o'ooia"'  to  0  004'",  o'ooi'",  and 
less ;  and,  on  the  other,  no  trace  of  such  a  transition  is  found  on 
the  side  of  the  optic  thalamus,  which  is  directed  towards  the 
medullary  substance. 

The  superficial  white  covering  of  the  ganglia  in  question  is, 
however,  to  be  excepted,  which,  at  any  rate,  may  establish  a  con- 
nection between  them  and  the  hemispheres,  as  its  fibres,  of  o'ooi'" 
to  0"003''',  or  even  more,  being  arranged  in  bundles,  and  decussating 
horizontally  in  various  directions,  do  not  appear  to  terminate  in 
the  thaLimi.  In  like  manner,  the  relation  of  the  optic  nerves 
to  the  optic  thalami  and  corpora  quadrigemina,  and  of  the 
fornix  to  the  latter,  is  not  well  made  out,  so  that  it  is  the  more 
satisfactor}^,  at  all  events,  to  be  able  to  answer,  with  some  degree 
of  certainty,  another  important  question.  If  the  outer  part  of  the 
optic  thalamus  be  examined,  it  is  found  that  it  adjoins  a  consider- 
able mass  of  white  substance,  which,  at  first  sight,  appears  as  a 
continuation  of  the  base  of  the  cerebral  peduncle,  passing  ex- 
ternally and  inferiorly  upon  the  optic  thalami,  between  the  lenti- 
cular and  caudate  nuclei  of  the  corpus  sti^iatum,  to  enter  directly 
the  medulla  of  the  hemispheres.  On  closer  inspection,  it  is  seen 
that  the  white  substance,  as  was  mentioned  above,  in  part  enters 
into  the  corpora  striata,  particularly  into  the  lenticular  nuclei;  in 
part  radiates  from  without  inwards,  from  the  hemispheres  into  the 
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optic  thalamus.  That  is  to  say,  very  numerous  wliite  bundles,  even 
visible  to  tbe  naked  eye,  pass  from  the  hemisphere  into  the  thala- 
mus in  its  whole  depth,  run  towards  the  upper  surface,  the  superior 
internal  border  and  toward  the  pulvinar,  and  are  lost  exactly  like 
the  fibres  which  are  continued  from  the  cerebral  peduncle  to  the 
corpus  striatum ;  i.  e.,  these  bundles,  which  at  first  contained 
elements  of  from  0-0012'''  to  0-0025'"  in  diameter,  split  up  into 
extremely  dense  plexuses  of  the  very  finest  fibres,  of  from  0-0004'" 
to  o-ooo8"',  the  true  terminations  of  which  cannot  be  followed. 

I  may  still  notice  the  structure  of  the  parts  which  are  connected 
with  the  above-described  ganglia.  The  substantia  nigra  of  the  ce- 
rebral peduncles  contains  beautiful  pigmentated  cells.  The  coin- 
missura  mollis  has  smaller  cells  with  processes,  and,  for  the  most 
part,  fine  fibres.  The  glandula  pinealis  contains  pale  rounded  cells 
without  any  processes,  and  but  a  few  nerve-fibres,  0-001"'  to  0*002'" 
in  diameter;  and,  for  the  most  part,  a  large  quantity  of  sandy 
particles  (see  §  117).  The  floor  of  the  third  ventricle,  the  corpus 
mammillare  and  tuber  cinereum,  contain  nerve-cells  mixed  with  nu- 
merous fibres  of  the  finest  kind.  The  hypophysis  cerebri  contains, 
in  its  anterior  reddish  lobe,  no  nervous  elements,  but  rather,  ac- 
cording to  Ecker,  the  elements  of  a  vascular  gland,  i.  e.,  a  stroma 
of  connective  tissue,  with  very  closely  packed,  wide  blood-vessels,  in 
the  meshes  of  which  there  lie  vesicles  [cells?],  of  0-030  to  O'Ogo 
of  a  millimetre  in  diameter,  which  sometimes  contain  only  nuclei 
and  a  finely  granular  substance,  sometimes  distinct  cells ;  in  older 
subjects,  also,  a  substance  resembling  colloid.  The  posterior  smaller 
lobe  consists  of  a  finely  granular  substance,  with  nuclei  and  blood- 
vessels, and  possesses,  also,  fine  varicose  nerve-tubes,  which,  like 
the  vessels,  descend  to  it  from  the  infundibulum. 

I  regard  the  demonstration,  that  the  fibres  of  the  cerebral  peduncle  ter- 
minate in  the  ganglia  (probably  in  the  cells)  of  the  brain,  and  that  the  white 
substance  of  the  hemispheres  consists  of  pecuhar  tubes,  extending  from  the 
convolutions  into  the  ganglia,  and  perhaps,  also,  into  the  medulla  oblongata, 
without  becoming  connected  with  those  of  the  cerebral  peduncle,  as  one  of 
the  most  important  results  which  I  have  arrived  at  in  my  investigations  into 
the  central  nervous  system  ;  seeing  that  by  this  means  the  long  supposed 
separation  of  the  animal  and  psychical  spheres  of  the  central  nervous  system 
is  for  the  first  time  anatomically  demonstrated  ;  and  it  is  explained  why  the 
white  substance  of  the  hemispheres,  when  stimulated,  occasions  neither  pain 
nor  movement. 

§  116.  Hemispheres  of  the  Cerebrum.— The  white  substance  of 
the  hemispheres  of  the  brain  consists  throughout  of  nerve-tubes, 
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of  0-0012"'  to  0'003"'^  on  an  average  o-oo2'",  in  diameter^  without 
any  intermixture  of  grey  substance.  These  fibres,  concerning  the 
special  course  of  which  but  little  is  as  yet  i^nown^  never  run  in  the 
form  of  networks  or  bundles,  but  all  parallel  to  eacli  other,  and 
mostly  in  a  straight  direction.  They  undoubtedly  proceed  out- 
wards from  the  corpus  callosum  and  the  ganglia  of  the  cerebrum 
to  the  superficial  grey  substance ;  but  it  is  uncertain  whether  or 
not  they  divide  in  their  progress.  Besides  the  fibres  now  spoken 
of  and  those  of  the  anterior  commissure,  the  fornix  and  the  origin 
of  the  optic  nerves,  the  hemispheres  contain  other  fibres,  which 
decussate  with  them  at  right  angles.  I  found  these  last  upon  the 
outer  side  of  the  corpus  striatum  and  in  the  most  superficial  layers 
of  the  white  substance^  not  far  from  the  grey  covering  of  the  con- 
volutions, where  they  are  met  with  in  not  inconsiderable  numbers, 
and  in  part  taking  an  oblique  course ;  but  nothing  can  be  ascer- 
tained with  reference  to  their  source.  The  grey  substance  of  the 
convolutions  is,  as  regards  its  intimate  structure,  tolerably  clear  (see 
my  Micr.  Anat.,  tab.iv.  fig.  2).  It  may  be  most  fitly  divided  into 
three  layers  :  an  external,  luhite ;  a  middle,  pure  grey ;  and  an  in- 
ternal, yellowish-red.  The  latter,  which  equals  the  two  others  in 
thickness,  usually  has,  on  its  outermost  limit,  a  clearer,  frequently 
almost  white  streak,  and  occasionally,  further  inwards,  a  second 
narrower  and  less  white  layer,  so  that  three,  four,  or  even  six  layers 
are  formed  in  the  grey  substance,  viz.,  i.  yellowish-red  layer,  inner 
part;  2.  first  white  streak;  3.  yellowish- red  layer,  outer  part;  4. 
second  white  streak;  5.  grey  layer;  6.  superficial  white  layer. 
The  grey  substance  contains,  throughout  its  whole  thickness,  both 
nerve-cells  and  nerve-fibres,  together  with  a  large  quantity  of  a 
granular  matrix,  exactly  like  that  of  the  cerebellum.  The  nerve- 
cells,  Avhich  are  most  numerous  in  the  middle  grey  layer,  are  rather 
small,  all  having  probably  one  to  six  processes  ramifying  in  various 
ways,  and,  at  last,  running  out  into  extremely  fine  pale  fibrils,  of 
about  0'0004'''  in  diameter. 

The  nerve-tubes  of  the  grey  substance  of  the  convolutions,  as 
can  be  readily  demonstrated,  come  from  the  medullary  substance 
of  the  hemispheres,  and  penetrate  in  bundles,  and  parallel  to  one 
another,  into  the  yellowish-red  layer,  in  a  straight  direction.  Here 
a  number  of  the  tubes  separate  from  the  bundles,  and  traverse  the 
yellowish-red  layer  in  all  directions,  but  especially  parallel  to  the 
surface,  decussating  accordingly  with  the  main  bundles.  Where 
these  horizontal  fibres  are  collected  in  larger  numbers,  the  above- 
described  whiter  or  lighter  streaks  on  this  layer  are  produced,  the 


SECT.  Il6.] 


NERVOUS  SYSTEM. 


outer  of  which  is  situated  exactly  at  the  place  where  the  bundles 
penetrating  the  grey  substance  are  lost  to  view.  That  is  to  say, 
as  these  bundles  proceed  further  outwards  they  become  con- 
tinually thinner,  by  giving  off  lateral  branches,  and  by  the 
attenuation  and  separation  of  their  elements,  till,  arrived  at 
the  grey  layer,  they  are  withdrawn  from  view;  and  although, 
when  more  narrowly  traced,  they  can  be  demonstrated,  even 
in  this  situation,  as  variously  interlaced  fibrils  of  the  finest  de- 
scription, with  scarcely  any  appearance  of  dark  contours,  only 
a  few  of  them  retain  their  original  breadth  and  dark  con- 
tours after  reaching  the  pure  grey  layer,  and  continue  in  a 
straight  or  oblique  Fig.  97. 

course  through  it, 
in  order  to  pursue 
their  way  further, 
horizontally,  in  the 
outer  white  layer. 
In  this  layer  a  con- 
siderable number  of 
tubes,  of  the  finer 
and  very  finest  kind 
(fig.  97),  decussate 
in  various  direc- 
tions, in  several  su- 
per-imposed layers. 
These  are  obviously 
derived  principally 
from  the  tubes  which 
come  from  the  grey- 
ish-red layer,  and 
perhaps,  also,  as 
Remak  assumes,  from  the  knee  of  the  corpus  callosum  at  the  base 
of  the  brain. 

The  relation  of  these  fibres  to  the  cells  in  the  white  layer  is 
doubtful ;  but  tliis  much  is  certain,  that  many  of  them  turn  back 
into  the  greyish-red  layer  whence  they  come,  —  in  other  words, 
form  loops,  which  were  first  described  by  Valentin,  and  which  I 
have  frequently  and  distinctly  seen  in  chromic  acid  preparations 
treated  with  caustic  soda.  In  like  manner  I  saw  in  the 
greyish-red  substance,  as  well  as  upon  its  convexity,  directed 
towards  the  surface  of  the  brain,  separate  loops  with  closely  ap- 
proximated  sides.    The  bundles  of  the  greyish-red  substance 


From  the  inner  parts  of  the  grey  layer  of  the  convolutions  of  the 
human  brain;  magnified  350  times.  Nerve-cells,  a,  larger, 
h.  smaller ;  c.  nerve-flbres  with  axis-cylinder. 
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contain,  at  first,  tubes  of  0'00i2'''  to  o'ooj"' in  diameter^  nearly 
all  of  which  finally  diminish  to  o*ooi'"_,  and,  in  the  grey  substance, 
assume  the  smallest  diameter  of  the  nerve-tubes,  viz.,  0*0004''' 
0*0008'".  The  fibres  given  off  from  these  bundles  within  the 
greyish-red  layer  are,  in  part,  of  the  same  diameter  as  in  the 
bundles,  as  is  especially  the  case  with  those  of  the  thicker  white 
streak,  and,  in  part,  finer.  The  fibres  passing  from  the  bundles 
into  the  superficial  white  substance  are  also,  as  a  rule,  thicker,  up 
to  0*003'";  ^^^^^  there  exist  in  this  layer  other  very  fine  fibrils,  of 
0*0004"'.  Although  the  connection  of  the  fibres  entering  into  the 
cortical  substance  with  the  nerve-cells  has  not,  as  yet,  been  actually 
demonstrated,  still  I  do  not  hesitate  in  affirming  it ;  and  I  regard 
the  cortical  substance  as  the  place  of  origin  of  all  the  nerve-fibres 
of  the  hemispheres  and  corpus  callosum. 

The  corpus  callosum  is  composed  purely  of  medullary  matter, 
with  parallel  nerve-fibres  of  quite  the  same  appearance  and  dia- 
meter as  those  of  the  medullary  substance  of  the  hemispheres. 
This  is  also  the  case  with  the  commissura  anterior  and  t\Q  fornix, 
which,  however,  comes  in  contact  with  the  grey  substance  in 
various  ways.  The  cornu  Ammonis  and  the  hippocampus  minor 
present  almost  the  same  relations  as  the  convolutions  of  the 
hemispheres. 

Lastly,  we  have  still  to  speak  of  the  origin  of  the  first  two  pairs 
of  nerves.  In  the  white  part  of  the  tractus  olfactoiius,  the  olfactory 
nerve  contains  fine  nerve-fibres  of  from  0*0004'",  to  at  most  o*oo2"', 
in  diameter,  the  finest  being  pale-bordered,  and  probably  non-me- 
dullated ;  also  grey  substance,  composed  of  a  finely  granular  matter, 
and  cells  of  0*007'"  o'ooS'"  in  diameter.  These  cells  and  other 
smaller  ones,  down  to  0  003'"  in  size,  many  of  them  having  branched 
processes,  form  the  bulb  of  the  olfactory  nerve,  intermingled  with 
many  fine  fibres,  whose  relation  to  the  cells  and  to  the  proper 
nerves  of  smell  cannot  be  ascertained.  The  iiervus  opticus,  with 
its  tract  divided  into  two  crura,  proceeds  from  the  corpora  geni- 
culata,  the  corpora  quadrigenmia,  and  the  optic  tlialami,  and  is, 
besides,  connected  with  the  cerebral  peduncles,  the  substantia  per- 
forata antica,  the  tuber  cinereum,  and  the  lamina  terminalis. 
Whence  its  fibres,  which  are  dark-bordered  tubes,  of  0*002'"  in 
diameter,  really  arise,  is,  in  man,  unknown  (judging  from  experi- 
ments on  animals,  they  would  seem  principally  to  come  from  the 
corpora  quadrigemina) ;  on  the  other  hand,  we  know  that  a  part 
of  them  decussates  in  the  chiasma.  In  the  chiasma  yve  find, 
moreover,  as  stated  by  various  authorities,  i,  fibres  which  do  not 
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decussate,  but  pass  from  tlie  tractus  into  the  optic  nerve  of  their 
own  side;  and  2,  commissural  fibres,  namely,  posterior,  which 
would  form  a  commissure  of  the  places  of  origin  of  the  nerves  of 
vision,  and  anterior,  which  can  serve  only  to  unite  the  retincE.  The 
existence  of  the  first-mentioned  fibres  is  certain,  although  they  are 
much  more  scanty  than  the  decussating  elements ;  but  that  of  the 
others,  also,  can  scarcely  be  denied.  A  commissure  of  the  corpora 
quadrigemina  and  optic  thalami  may,  perhaps,  be  explained  phy- 
siologically;  but  even  a  commissure  of  the  retifim  cannot  be 
regarded  as  impossible,  since  we  know  that  the  retina  contains 
grey  substance  and  nerve-cells  with  branched  processes,  from 
which  the  optic  nerves  arise 

The  discovery  of  TurcU  {Sitz,  der  Wien.  Äkad.  1 8  5 1 ,  March— J une,  1853),  that 
in  diseases  of  the  brain  or  cord  certain  tracts  of  fibres  degenerate,  and  that 
especially  compound  granular  cells  become  developed  in  them,  appears  des- 
tined to  become  important  for  the  study  of  the  course  of  the  fibres  in  the 
central  nervous  system  ;  and  I  would  recommend,  for  the  investigation  of 
such  cases,  the  employment  of  chromic  acid  preparations. 

§  117.  Membranes  and  Vessels  of  the  Central  Nervous  System. 

A.  Membranes,  i.  Spinal  Cord.— The  Dura  mater  consists  of 
parallel,  mostly  longitudinal  bundles  of  connective  tissue,  and  of  a 
network  of  fine  elastic  fibres.  Anteriorly,  it  is  united  with  the 
fascia  longiiudinalis  posterior  of  the  vertebral  column  ;  posteriorly 
and  laterally  it  is  free,  and  separated  from  the  arches  of  the  vertebrae 
by  an  interspace  in  which  there  are  loose  anastomosing  bundles 
of  connective  tissue,  gelatinous  fat,  and  cells  containing  serum.  This 
space  also  contains  the  well-known  plexus  venosi  and  finer  vessels. 
It  is  generally  stated  that  the  inner  surface  of  the  dura  mater  is 
covered  by  an  outer  layer  of  the  arachnoid ;  but  nothing  is  found 
here  except  an  epithelium  composed  of  polygonal  cells,  and  there 
is  not  a  trace  of  a  special  membrane.  The  ligamentum  denticii- 
latum  possesses  no  epithelium,  and,  like  the  thickened  stripes  of 
the  pia  mater,  to  which  it  is  attached,  has  exactly  the  same  struc- 
ture as  the  dura  mater. 

The  arachnoid  of  the  spinal  cord  consists  of  a  single  layer  of 
great  delicacy  and  transparency,  corresponding  in  extent  to  the 
dura  mater.  Its  outer  surface  is  connected  with  the  dura  mater 
by  means  of  dense  bands  or  more  delicate  fibrils ;  in  other  respects, 
it  is  perfectly  smooth  and  shining,  and  covered  by  a  simple  layer 
of  pavement  epithelium.  Its  inner  surface  is  likewise  smooth,  but 
without  epithelium ;  it  is  separated  from  the  cord  and  the  cauda 
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equina  by  a  large  interspace,  tlie  suh-arachnoid  space,  but  gives  off 
numerous  bands  to  tlie  pia  mater  and  the  roots  of  the  nerves, 
which,  besides  accompanying  vessels  and  nerves,  are  especially  well 
marked  in  the  posterior  median  line,  where  they  are  collected  in  a 
linear  series,  so  as  in  some  measure  to  form  a  fenestrated,  or  even 
a  perfect  partition,  especially  in  the  neck.  With  reference  to  its 
intimate  structure,  the  arachnoid  principally  contains  reticulated, 
anastomosing  bundles  of  connective  tissue,  of  O'ooi'''  to  o'oo^''  in 
diameter,  and  scanty,  fine  elastic  fibres. 

The  pia  mater  closely  embraces  the  spinal  cord  and  the  grey 
substance  of  filum  tenninale,  passing,  on  the  one  hand,  into  the 
spinal  cord  at  the  anterior  and  posterior  fissures,  in  the  form  of 
thin  processes,  and  on  the  other,  furnishing  delicate  sheaths  to 
the  roots  of  the  nerves.  It  contains  for  the  most  part  ordinary 
connective  tissue,  along  with  a  few  elastic  fibres.  In  the  pia  mater 
of  the  cervical  portion  of  the  spinal  cord,  and  also  in  other  parts, 
fusiform  or  stellate  brownish  pigment  cells  are  found,  which,  in 
the  former  place,  frequently  impart  to  it  a  brown  colour. 

2.  Brain.  Tlie  investments  of  the  brain  agree  generally  with 
those  of  the  cord,  but  present  certain  differences.  The  dura  mater 
consists  here  of  the  proper  dura  mater  and  the  periosteum  of  the 
inner  surface  of  the  cranial  bones,  which  are  immediate  continua- 
tions of  the  corresponding  membranes  of  the  vertebral  canal,  and 
coalesce  at  the  level  of  the  atlas.  The  cranial  dura  mater  is 
in  general  thicker  and  whiter  than  that  of  the  cord.  Its  outer,  or 
periosteal  lamella,  which  is  whitish  yellow  and  rough,  is  attached 
more  or  less  firmly  to  the  bones,  supports  the  larger  vasa  meningea, 
and  is  richer  in  vessels  than  the  inner  proper  dura  mater,  with 
which,  at  an  earlier  period,  it  is  only  loosely  connected,  and  from 
which,  except  in  the  situation  of  the  sinuses,  it  can  be  partially 
separated,  even  in  the  adult.  The  inner  lamella  has  fewer  vessels, 
is  whiter,  in  many  places  with  a  tendinous  lustre,  perfectly 
smooth,  and  for  the  most  part  even,  upon  its  inner  surface.  The 
processes  of  the  dura  mater, — the  large  and  small  falx,  and  the 
tentorium  cerebelli  —  appear  as  prolongations  of  this  inner  lamella, 
and  between  the  two  lamellae  the  sinuses  of  the  dura  mater  are 
situated  with  but  few  exceptions.  Both  lamellae  contain  connective 
tissue  of  the  same  form  as  that  in  the  tendons  and  fascice.  The 
inner  surface  of  the  dura  mater  is  covered  with  a  multiple  layer 
of  pavement  epithelium  cells,  but  has  no  other  investment  which 
could  be  regarded  as  a  parietal  lamina  of  the  arachnoid. 

The  arachnoid  memhrane  of  the  brain,  likewise,  presents  only  a 
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single  lamella,  which  also  lies  close  to  the  inner  surface  of  the 
dura  mater;  but,  uiihke  that  of  the  cord,  it  is,  in  many  places 
adherent  or  even  blended  with  the  pia  mater,  especially  upon  all 
the  convolutions  and  the  projecting  parts  at  the  basis  of  the 
brain ;  and  where  this  intimate  adhesion  does  not  exist,  the 
two  membranes  are  connected  by  numerous  processes.  Accord- 
ingly in  the  case  of  the  brain  also,  there  is  no  continuous  sub- 
arachnoid space,  but  numerous  larger  and  smaller  spaces,  only 
partially  communicating  with  each  other.  The  larger  of  them, 
which  are  found  between  the  cerehellum  and  the  medulla  oblongata 
and  below  the  pons,  the  cerebral  peduncles,  the  Sylvian  fissure,  etc., 
or  at  least  the  former,  pass  directly  into  the  sub-arachnoid  space 
of  the  cord,  whilst  the  smaller,  corresponding  to  the  sulci,  over 
which  the  arachnoid  extends  like  a  bridge,  may,  perhaps,  commu- 
nicate with  each  other,  but  the  majority  of  them  at  least  are  not 
connected  with  the  above-mentioned  larger  spaces.  The  arach- 
noid is  now^iere  connected  with  the  lining  of  the  cerebral  ventri- 
cles. Its  structure  is  the  same  as  that  of  the  spinal  arachnoid, 
and  its  outer  surface  is  likewise  furnished  w^ith  an  epithelium. 

The  pia  mater  of  the  brain  is  more  vascular  but  more  delicate 
than  that  of  the  cord,  and  invests  all  the  elevations  and  depressions 
of  the  surface  of  tlie  brain,  with  the  sole  exception  of  the 
bottom  of  the  fourth  ventricle,  which  it  spans  over,  as  the  tela 
chorioidea  inferior,  in  order,  then,  to  be  reflected  at  the  inferior 
surface  of  the  vermis  inferior  and  tonsillce.  The  pia  mater  pene- 
trates into  the  interior  of  the  brain  only  at  one  place,  viz.,  at  the 
transverse  fissure  of  the  cerebrum,  where,  enveloping  the  vena 
magna  Galeni  and  the  pineal  gland,  it  enters  beneath  the  splenium 
corporis  callosi,  and  forms  the  tela  chorioidea  superior  with  the 
plexus  cliorioideus  veiitricidi  terfii ;  then  passing  under  the  co'>pus 
cal'osum,  it  gives  rise  to  the  choroid  plexuses  of  the  lateral  ven- 
tricles, which,  between  the  crus  cerebri  and  the  middle  lobe,  are 
connected  wdth  the  pia  mater  at  the  base  of  the  brain.  Besides 
its  numerous  vessels,  the  pia  mater  contains  some  indistinctly 
fibrous  and  connective  tissue  without  elastic  fibres,  and  occasion- 
ally, at  the  base  of  the  brain,  pigment  cells. 

The  teliE  chorioidece  and  plexus  cJiorioidei  consist  almost  wholly 
of  vessels,  and  have,  on  their  free  surfaces,  a  simple  pavement 
epithelium,  the  cells  of  which  mostly  contain  some  pigment 
and  fat-granules,  and  in  the  mammalia  as  also  in  the  frog,  are 
ciliated. 

Ml  parts  of  the  cavities  of  the  brain  which  are  not  connected 
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with  the  continuations  of  the  pia  mater,  i.e.,  the  floor  of  the 
fourth  ventricle,  the  aqueduct  of  Sylvius,  the  floor  and  lateral 
walls  of  the  third  ventricle,  the  fifth  ventricle,  the  roof,  the 
anterior  and  posterior  horn,  and  a  large  part  of  the  descending 
horn  of  the  lateral  ventricles,  and  the  hollow  within  the  olfactory 
bulbs  in  the  embryo,  possess  a  special  investment,  the  so-called 
Fis.98.  ependyma  ventricidorum  {iig.  gS).  This 

is  a  simple  layer  of  epithehuin,  which 
is  seated  normally  immediately  upon 
the  nervous  substance;  still  there 
is  so  frequently  developed  under  it  a 
striated  layer  of  connective  tissue  of 
o'oi'"  to  0'05'"  in  thickness,  that  the 
occurrence  of  the  latter  may  almost 
be  regarded  as  constant  at  a  certain 

Human  ependvma.    A.  From  the                                                              ^4-  l^^^-i- 
corpus  striatum;  1.  from  the  surface;    agC.      in   man  it  IS  Clliatea,  at  iCaSt  IH 
2  from  the  side;  11.  epithelial  cells;  .        ,  t  ,  

b.  subjacent  nerve-tibres.  B.  Epithe-  ccrtaiu  placcs,  and  somctimcs,  pcrhaps, 

lial  cells  from  the  commifssura  mollis.    .  . 

Magnified  350  times.  it  IS  SO  aii  OVCr. 

The  vessels  of  the  above-described  membranes  present  very 
various  conditions.  The  dura  mater  of  the  cord  is  poor  in  vessels 
like  the  fasciae.  That  of  the  brain,  on  the  other  hand,  has  many 
vessels,  especially  its  outer  layer,  corresponding  to  a  periosteum, 
which  supports  the  meningeal  arteries,  partly  for  its  own  use, 
partly  for  the  cranial  bones  which  receive  numerous  branches ; 
and  which  conducts  by  means  of  its  veins,  a  part  of  the  blood  of  the 
bones.  The  arachnoidea  is  non-vascular,  whilst  the  pia  mater 
both  of  the  cord  of  the  brain,  not  only  supports  the  very  dense 
ramifications  of  the  vessels  of  the  nervous  substance,  but  also 
independently  of  the  ple.ms  clwrioidei  contains  a  considerable 
number  of  vessels  of  its  own.  Folimann  and  Arnold  assume  the 
existence  of  lymphatic  vessels  in  the  pia  mater  of  the  surface  of 
the  cerebrum  and  cerebellum  as  also  in  the  ple.vns  clwrioidei,  but 
it  is  doubtful  whether  they  occur  here. 

The  membranes  of  the  central  nervous  system  possess,  in  part 
at  least,  7ierves  also.  In  the  dura  mater  of  the  brain,  some  of 
the  nerves  run  in  the  periosteal  lamella  of  the  membrane,  following 
pretty  closely  the  course  of  the  meningeal  arteries,  and  are 
especially  distinct  upon  the  middle  meningeal  artery,  coming  from 
the  sympathetic  and  the  trigeminus.  They  occur,  moreover,  upon 
the  anterior  and  posterior  meningeal  arteries,  and  there  is  a 
nervus  tentorii,  from  the  fifth  (Arnold),  which  also  goes  to 
the  larger  sinuses  of  the  dura  mater.    Nerves  are  not  known  to 
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exist  in  the  dura  mater  of  the  cord,  although  they  occur  upon  the 
venous  sinuses  of  the  vertebral  canal. 

The  pia  mater  of  the  cord  is  everywhere  rich  in  networks  of 
fine  nerves,  which  are  not  confined  to  the  course  of  the  vessels. 
At  the  base  of  the  brain,  numerous  nervous  plexuses  exist  upon 
the  arteries  of  the  circle  of  Willis,  which,  following  the  course  of 
the  different  arteries,  with  trunks  of,  at  most,  0'03'''  in  diameter, 
spread  out  through  the  whole  pia  mater  of  the  brain.  Although 
their  terminations  can  nowhere  be  recognised,  still  I  traced 
these  nerves  recently  upon  arteries  of  o'O^^'  and  less  in  diameter 
into  the  substance  of  the  brain  itself  The  choroid  plexuses  and  the 
arachnoid  are  destitute  of  nerves.  All  the  nerves  of  the  pia  mater 
arise  from  the  posterior  roots  of  the  spinal  nerves,  from  the  sym- 
pathetic, and  from  the  roots  of  some  of  the  cerebral  nerves. 

B.  Vessels  of  the  Central  Nervous  System.  In  the  character 
and  mode  of  distribution  of  their  blood-vessels,  the  brain  and  the 
cord  almost  entirely  agree.  After  the  arteries  have  ramified  to  a 
considerable  degree  in  the  pia 
mater,  they  penetrate  into  the 
nervous  substance,  except  at 
a  few  places  (^substantioe  perfo- 
rates, pons)  as  fine,  though  still 
distinctly  arterial  vessels,  and 
break  up  by  continued  ramifi- 
cation, mostly  at  acute  angles, 
into  a  tolerably  wide  mesh- 
work  of  very  fine  capillaries, 
from  which  the  roots  of 
veins  arise,  and  unite  to  form 
the  well'known  trunks,  both 
upon  the  surface  and  in  the 
interior  (fig.  99).  The  grey 
substance  is  invariably  much 
more  vascular  than  the  white, 
the  plexuses  being  much  closer, 
and  the  vessels  themselves 
somewhat  narrower,  to  which 
circumstance  its  colour  is 
partly  due.  In  the  spinal  cord, 
the  entering  vessels  are,  in  part,  very  regularly  arranged  in  series. 
Two  such  series  exist  at  the  bottom  of  the  anterior  fissure,  enter-- 
ing  the  grey  substance,  right  and  left  from  the  process  of  the  pia 


Fig.  99. 


Vessels  of  the  cerebral  substance  of  the  sheep, 
after  an  injection  of  Gerlaeh's.  a.  of  the  grey, 
b.  of  t]ie  white  substance. 
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mater;  a  third  corresponds  to  the  posterior  fissure,  and  others  not 
imfrequently  correspond  to  the  roots  of  the  nerves  and  the  attach- 
ment of  the  ligamentum  denticulatum.    All  these  vessels,  without 
becoming  narrower  to  any  considerable  degree,  penetrate  into  the 
grey  substance,  and  then  form  their  terminal  expansions.  There 
are  beautiful  parallel  vessels  in  the  grey  substance  of  the  cerebel- 
lum, and  also,  but  less  distinct  in  the  cerebrum  and  other  parts, 
with  the  exception  of  the  thalamus.    The  structure  of  the  vessels 
is,  in  general,  the  same  as  in  other  parts,  still  the  external  coat  or 
aclventitia  of  the  arteries  is  soon  converted  into  a  simple  homo- 
geneous envelope,  and  the  veins  have  mostly  not  a  trace  of  muscular 
fibres  in  their  walls.    Beside  these  vessels,  the  brain,  like  the 
cord,  as  Virchoiv  perhaps  correctly  supposes,  appears  to  contain  a 
homogeneous  matrix  0/  connective  ^wswe,  which  supports  the  nervous 
elements. 

In  the  cerebral  ventricles,  there  exists  an  extremely  small  quan- 
tity of  a  serous  fluid,  which  is  obviously  secreted  by  the  vascular 
plexuses.  A  second  fluid,  the  liquor  cerebrospinalis,  is  contained 
in  the  above- described  sub-arachnoid  spaces,  and  may  be  readily 
obtained  from  the  largest  of  them,  which  extends  from  the  base  of 
the  brain  to  the  end  of  the  sac  of  the  spinal  c/wm  mater.  This 
fluid  is  alkaline,  contains  98  56  water, -055  albumen  and  extractive 
matter,  0-84  salts,  especially  chloride  of  sodium,  and  its  chief 
purpose  appears  to  be  to  facilitate  the  movement  of  the  central 
nervous  system,  and  to  act  as  regulator  in  the  different  con- 
ditions of  fulness  of  the  vascular  system. 

We  may  here  annex  some  observations  on  the  jJ^thological  conditions  of 
the  structures  in  question.  The  e^Jendyma  ventriculorum  has  frequently, 
especially  in  dropsy  of  the  ventricles  and  in  old  age,  an  extremely  thickened 
fibrous  layer,  which,  as  was  first  stated  by  PiirJiinje,  constantly  contains 
round  or  oblong  yellowish  bodies,  with  a  concentric  striation  resembling 
starch-granules,  and  consisting,  as  Virchow  has  discovered,  of  a  substance 
allied  to  starch  and  to  cellulose;  being  rendered  blue  by  iodine,  and 
violet  by  iodine  and  sulphuric  acid.  These  corjjora  amylacca,  which  are 
obviously  pathological  products,  frequently  exist  in  incredible  numbers  in 
the  cortical  substance  of  the  brain,  in  the  medullary  substance  of  the  cord, 
fhejihim  terminale,  the  retina,  in  the  human  cochlea,  in  the  grey  nucleus  of 
the  cord,  in  the  olfactory,  auditory  and  optic  nerves.  There  is  found,  further, 
in  the  j^leocus  chorioides,  in  the  pineal  gland,  occasionally  in  the  pia  mater  and 
arachnoid  (also  in  the  cord),  and,  although  rarely,  in  the  walls  of  the  ven- 
tricles, as  a  constant  but  pathological  product,  the  so-called  Irain-sand 
{accrvulus  ccredri).  It  consists  of  rounded,  simple  or  mulberry-shaped, 
dark,  mostly  concentrically  striated  globules,  0-005'"  to  0-05'",  and,  together 
with  these,  of  masses  of  irregular  form.    It  contains  chiefly  carbonate  of 
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lime,  with,  phosphate  of  lime,  magnesia,  and  an  organic  substance,  which, 
after  the  extraction  of  the  salts,  completely  retains  the  form  of  the  concretion, 
and  appears  as  a  concentrically  stratified,  pale  mass.  It  is  quite  certain, 
that  this  brain-sand  when  it  appears  as  elongated,  branched  or  reticulated 
masses,  is  simply  developed  in  the  bundles  of  connective  tissue,  as  not 
unfrequently  occurs  in  the  pineal  gland  and  in  the  membranes  of  the  brain  ; 
in  other  cases  it  appears  to  be  an  independent  incrustation  of  fibrine- 
coagula.  On  the  other  hand,  cells  impregnated  with  calcareous  matter,  do 
not  occur.  Lastly,  we  have  still  to  notice  the  glands  of  Pacchiord  and  the 
ossifications  of  the  cerebral  membranes.  The  former,  which  are  principally 
situated  at  both  sides  of  the  base  of  the  gveoXev  falx,  and  at  the  border  of 
the  great  longitudinal  fissure  of  the  brain,  upon  the ßocculi,  in  the  choroid- 
plexus,  etc.,  consist  chiefly  of  a  dense  fibrous  substance,  resembling  immature 
connective  tissue,  and  also  contain  undeveloped  elastic  tissue,  brain- sand 
and  corptcscula  amylacea.  The  ossifications,  which  are  true  bone-plates,  are 
met  with  partly  upon  the  inner  surface  of  the  dura  mater  of  the  brain,  partly 
upon  the  arachnoid,  particularly  of  the  cauda  equina. 

Peripheral  Nervous  System. 

§  118.  Nerves  of  the  Spinal  Cord. — The  31  pairs  of  nerves 
coming  from  the  cord^  arise,  with  few  exceptions,  by  means  of 
anterior  and  posterior  roots.  These,  receiving  a  delicate  invest- 
ment from  the  pia  mater,  pass,  converging  towards  each  other, 
through  the  sub-arachnoid  space,  and  then  penetrate,  independently 
of  each  other,  the  araclinoidea  and  dura  mater,  which  latter 
furnishes  them  with  a  firmer  covering.  In  their  further  course,  a 
ganglion  is  formed  on  the  posterior  roots  by  means  of  the  deposi- 
tion around  and  between  their  nerve-fibres,  of  ganglionic  cells, 
which,  to  all  appearance,  serve  as  origin  to  special  nerve-tubes,  the 
ganglionic  fihres  of  the  spinal  nerves.  These  generally  arise  singly 
from  cells,  and  have  nothing  in  common  with  the  fibres  of  the 
posterior  roots  which  only  pass  through  the  ganglion,  further  than 
that,  in  their  invariably  peripheral  course,  they  become  applied  to 
them,  and  mingle  with  them.  The  motor  root  never  contains 
ganglionic  cells,  but  goes  past  the  ganglion,  after  lying  more  or 
less  close  to  it.  Beyond  the  ganglion,  the  two  roots  unite  in  such 
a  manner  that  their  fibres  become  intimately  mixed  and  form  a 
common  nervous  trunk,  which  contains  sensitive  and  motor 
elements  in  all  its  parts.  The  nervous  trunk  so  formed,  usually 
becomes  connected  with  the  neighbouring  upper  and  lower  nerves, 
to  form  the  well-known  nervous  plexuses,  and,  finally,  gives  off 
its  terminal  branches  to  the  muscles,  skin,  vessels  of  the  trunk 
and  extremities,  to  the  articular  capsules,  the  tendons  and  the 
bones.    As  in  the  roots,  so  in  the  branches  of  the  common  trunk, 
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Fig.  100. 


M-e  find  tliat  tlie  motorv  cliiefly  contain  thick  fibres,  whilst  those 
destined  for  the  skin  and  the  other  above-mentioned  organs  have 
finer  ones,  still  all  the  tnbes  become  at  length  uniformly  fine  in 
their  terminal  distribution.  The  nerve-fibres  of  all  the  spinal 
nerves,  appear  to  run  quite  isolated  and  without  dividing  in  the 
and  branches;  towards  theii'  termination,  on  the  other  hand, 
divisions  may  frequently  occur,  and,  at  least  in  certain  animals 
(mice,  batrachian  larvae),  also  reticular  anastomoses.  The  ter- 
mination itself  takes  place,  perhaps,  everywhere,  by  means  of  free 
extremities. 

§  119.  Tlie  Structure  of  the  Spinal  is,  in  mammalia, 

difficult  to  investigate,  yet  I  be- 
lieve I  can  state  the  followiog 
with   certainty.      The  sensitive 
roots,  as  far  as  I  have  hitherto 
been   able    to    ascertain,  enter 
into  710  connection  icitJi  the  gan- 
glionic glohides  in  the  ganglion, 
but  pass  through  in  the  form  of 
one,  or  in  large  ganglia,  of  nu- 
merous anastomosing  bundles,  to 
be  collected  again   beyond  the 
o-anslion,  into  one  trunk,  which 
then  immediately  mingles  with 
the  motor  root.    The  most  of  the 
ganglionic  globules,  perhaps  all, 
are  themselves  in  connection,  as 
it  appears,  with  nerve-fibres,  and 
in  such  a  manner,  that  only  one 
nerve-fibre,  or  two,  very  rarely 
sevei  al,  arise  from  them.  These 
fibres,  which   I    call  ganglionic 
fihres,   proceed,  in  by  far  the 

A  lumbar  ganelion  of  a  young  dog,  treated  PTCater    part,    pCrhapS    all,    m  a 

with  caustic  soda,  and  magnified  45  times.  ^  it  4-1,^^  -I^;-,^ 

S.  Sensitive  root.     M.  Motor  roots.     R,  a.  peripheral    QirCCtlOn  ',     tHCy  JOIH 

Anterior  branch  of  the  spiT.al  nerve.    R,p.  ^    ^        ,  ,  ^"U^qo 

Posterior  branch.  9^.  Gandion  with  the  cells  and  reimOrCC  tüC  rOOt-nDreS, 
and  ganglionic  fibres,  which  reinforce  the  .  1    xi,^   ^ovio-lir^v.  cr» 

sensitive  root.  passiug  through  the  ganglion  so 

that  every  ganglion  is,  accordingly,  to  be  regarded  as  a  source  of 
new  nerve-fibres. 

For  the  investigation  of  the  spinal  ganglia,  those  of  the  fifth  sacral  and 
coccygeal  nerves  of  man  and  of  the  smaller  mammalia  may  be  selected,  and  are 
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to  be  examined  after  they  have  been  teased  out,  or  in  the  natural  state,  with 
the  aid  of  acetic  acid,  but  especially  of  diluted  caustic  soda.  The  chief 
constituents  of  the  ganglia,  the  ganglionic  glohdes,  or  ganglionic  cells  (fig.  loi), 
possess  a  distinct  external  covering,  are  roundish,  elongated  or  pear-shaped, 
and  measure  from  o'oiz"  to  o-ozj."'  in  diameter,  the  majority  being  o'oz'"  and 
0-03'".  The  contents  of  these  are  throughout  finely  granular,  and  not  unfre- 
quently  in  the  neighbourhood  of  the  nucleus,  there  is  a  collection  of  yellow,  or 
yellowish  brown,  pigment  granules,  which  are  more  numerous  the  older  the 
cell  is,  and  to  which  the  yellow  colour  of  the  ganglia  is  mainly  owing.  These 
ganghonic  cells  are  found  in  larger  quantities  at  the  surface  of  the  ganglia 
between  the  neurilemma  and  the  root-fibres ;  and,  at  least  in  man,  also  in  the 
interior  of  the  ganglia,  where,  collected  in  heaps,  they  fill  up  the  meshes 
between  the  plexuses  of  nerve-tubes.  The  individual  cells  are  maintained  in 
their  position  and  separated  from  the  surrounding  parts  and  from  the  nerve- 
tubes,  by  a  special  tissue,  which,  when  the  cells  are  isolated,  appears  as  a 
special  covering  to  each,  and  has,  accordingly,  been  called  the  oiiter  sheath ; 
but  it,  in  fact,  forms  a  system  of  variously  connected  small  partitions  tra- 
versing the  whole  ganglion,  and  enclosing  the  several  cells.  This  interme- 
diate substance  is  obviously  referable  to  connective  tissue,  and  occurs  in 
form  of  a  sometimes  more  homogeneous,  sometimes  more  fibrous  matter,  with 
interspersed  flat,  roundish  nuclei  of  0-002'"  to  0-003'"  in  diameter;  or  in  form 
of  separate,  elongated,  triangular  or  fusiform  cells,  which  correspond  to  the 
formative  cells  of  the  connective  or  of  the  elastic  tissue. 

In  man,  and  in  the  mammalia,  pale  processes  of  o-ooi5"'  to  0-0025'"  in 
diameter  proceed  from  by  far  the  most  of  the  ganglionic  cells ;  these  exactly 
correspond  to  those  of  the  central  cells,  are 
provided,  however,  with  a  special  covering,  and, 
as  I  discovered  in  1844,  each  becomes  continued 
into  a  dark  bordered  nerve-tube  (fig.  loi). 
The  cells  are  mostly  furnished  with  only  one 
process,  and  are  then  called  uniiwlar ;  yet  in 
man  and  in  mammalia,  cells  with  two  pale  pro- 
cesses, which  pass  into  two  nerve-fibres,  also 
occur,  the  so-called  Ujwlar  cells.  Whether  there 
be  one  or  two  fibres  coming  from  a  cell,  they 
always  proceed  towards  the  periphery ;  at  least 
in  investigating  very  small  ganglia  only  such 
fibres  are  seen,  and  Stannius  also  found,  that  in 
the  bipolar  cells  of  the  calf,  the  two  processes 
lay  close  together.  It  is  difiicult  to  determine 
whether  cells  without  processes  also  occur  in 
spinal  ganglia,  since  the  processes  readily  break 
off,  and  mutilated  cells  are  very  apt  to  be  taken 
for  apolar  cells.  The  dark-bordered  fibres  arising 
from  the  ganglionic  cells,  simply  form  the  con- 
tinuations of  the  pale  ]3rocesses  of  the  cells,  the 
coverings  and  contents  of  both  parts  passing 
continuously  in  each  other,  so  that  the  membrane 
and  the  contents  of  a  cell  are  connected  with 
the   sheath   of  a  nerve-tube,  and  with  the  medullary  sheath,  together 


Branch  of  the  human  ner- 
vus  coccygeus  within  the  dura 
mater,  with  an  attached  pedun- 
cated  ganglion-globule  in  its 
nucleated  sheath,  in  which  the 
coumencement  of  the  fibre  is 
very  evident.  Magnified  350 
times. 
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mth  the  axis  cylinder.    In  older  ganglionic  globules,  or  after  the  action  of 
re-agents  (arsenious  acid,  chromic  acid,  iodine),  the  contents  of  cells,  as  was 
first  demonstrated  by  Harting,  separate  from  the  membrane,  and  the^  axis 
Yig.  102.  cylinder  appears  as  a  direct  continua- 

tion of  them  (fig.  102).  The  ganglionic 
fibres,  frequently  surrounding  the  cells 
in  an  arched  form  or  in  several  coils, 
are,  at  first  fine,  of  o"ooi  5"'  to  o'ooas'"  in 
diameter.  They  do  not,  however,  remain 
so,  but,  as  may  in  many  cases  be  very 
readily  observed  directly,  increase  very 
soon  in  thickness,  so  that  even  within 
the  ganglion,  all  measure  0-003"'  and 
0-004"',  niany  even  0-005"'  and  o-oo6"', 
and  have,  consequently  become  medium 
thick,  and  thicli  nerve-tubes.  The  pro- 
cesses of  the  cells  and  the  nerve- fibres 
arising  from  them  possess,  like  the 
cells  themselves,  nucleated  sheaths,  the 
so-called  sheath  ])rocesses',  they  lose 
them,  however,  at  the  point  where  they 
enter  the  trunk  passing  out  of  the 
ganglion,  and  then  receive  the  ordi- 
nary neurilemma  of  the  nerves  as  a 
covering. 

The  account  I  have  just  given  of  the 
relation  of  the  spinal  ganglia  of  man 
and  mammalia,  deviates  very  consider- 
ably from  what  Bidder,  Bcichert,  E. 
Wagner  and  BoMn,  in  1847,  found  to 
be  the  case  in  fish.  The  main  differ- 
ence consists  in  this,  that  whilst  in 
mammalia,  as  far  as  we  know,  the  roots 
enter  into  no  direct  relation  to  the  ganghonic  cells,  and  simply  pass  through 
the  gangha,  in  fishes  all  the  nerve-fibres  are  connected  with  them,  each  fibre 
being  interrupted  by  a  bipolar  cell,  without  any  special  ganglionic  fibres 
at  all. 


Garglion  globule  from  the  pike  (so  called 
bipolar),  running  out  at  both  ends  into  dark- 
bordered  nerve-tubes,  treated  with  arsenious 
acid,  and  magnified  350  times,  a.  Envelope 
of  the  globule,  h.  Nerve-sheath,  c.  nerve- 
medulla,  d.  The  nerve-fibre  connected  with 
the  contents  (e)  of  the  ganglion-globule  which 
are  retracted  from  the  envelope. 


§  120.  Further  Course  and  Termination  of  the  Spinal  Nerves  — 
Beyond  the  spinal  ganglion,  tlie  sensitive  and  motor  roots  join  to 
form  a  common  trunk,  by  intermixture  of  their  fibres,  as  can  be 
very  distinctly  observed  in  small  animals.  All  subsequent  ofF-sets 
from  tlie  anterior  and  posterior  main  branch,  as  well  as  from  their 
further  ramifications,  are,  consequently,  of  a  mixed  nature,  and 
formed  of  fibres  from  both  roots ;  this  condition  is  maintained  even 
to  their  last  ramifications.  Here,  however,  this  relation  becomes 
altered,  the  motor  fibres  going,  in  by  far  the  greater  majority,  into 
the  muscular  twigs,  and  the  sensitive  into  the  cutaneous  branches. 
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It  cannot  be  ascertained  anatomically  where  tlie  ganglionic  fibres, 
wbich  arise  in  the  spinal  ganglia,  are  distributed.  When  their 
physiological  relations^  however,  are  considered,  it  seems  most 
probable  that  they  do  not,  or  at  least  not  all,  as  one  might  at  first 
be  incHned  to  believe,  join  the  sympathetic  in  the  rami  communis 
cantes,  but  rimning  along  with  the  spinal  nerves,  pass  especially  into 
the  vascular  branches,  and  are,  consequently,  distributed  in  the  skin, 
muscles,  bones,  joints,  tendons,  and  membranes  [periosteum,  pia 
mater,  etc.),  and  perhaps,  also,  in  the  glands  and  involuntary 
muscular  tissue  of  the  skin.  The  nerve-fibres  in  the  main  divisions 
of  the  spinal  nerves  present  the  same  diameter  as  in  the  roots,  z.e., 
there  are  finer  and  thicker  tubes,  and  a  certain  number  of  transi- 
tional forms.  Further  on,  however,  the  fibres  separate,  the  thicker 
passing  more  into  the  muscular  branches,  and  the  thinner  into  the 
cutaneous  nerves.  According  to  the  statements  of  Bidder  and 
Volkmann,  the  relation,  in  man,  of  the  thin  to  the  thick  fibres  in 
the  nerves  of  the  skin  is  as  I'l  :  i  ;  in  the  muscular  nerves,  as  o'l 
— 0*33:1.  T  can  only  confirm  these  statements,  and  may  add 
that  the  nerves  of  the  bones  contain  one-third  thick,  two-thirds 
thin  tubes  in  the  trunks,  whilst  those  of  the  joints,  tendons,  and 
membranes  contain  chiefly  thin  fibres. 

The  spinal  nerves  consist,  in  general,  of  parallel  tubes,  mostly 
with  an  undulating  course,  to  which  circumstance,  also,  their  trans- 
versely banded  appearance  is  due ;  but  present,  however,  in  their 
course  very  frequent  conjunctions,  by  which  the  different  larger 
and  smaller  plexuses,  with  their  decussating  fibres,  are  produced. 
These  plexuses  are  formed  by  an  exchange  of  whole  bundles  of 
fibres,  never  by  a  coalescence  of  the  individual  primitive  fibres, 
and  present,  in  a  microscopical  point  of  view,  nothing  worthy  of 
note.  As  far  as  is  hitherto  known,  divisions  of  the  nerve-tubes  do 
not  occur  in  the  trunks  and  larger  branches  of  the  spinal  nerves 
of  mammalia,  and,  in  like  manner,  there  is  not  any  considerable 
change  in  their  diameter;  but,  on  the  other  hand,  even  in  man, 
such  divisions,  and,  at  the  same  time,  a  very  considerable  decrease 
of  the  diameters  of  the  tubes,  takes  place  in  the  terminal  rami- 
fications. With  reference  to  these  particulars  and  the  nerve-ter- 
minations in  the  skin,  muscles,  bones,  and  membranes  in  general, 
we  refer  the  reader  to  the  more  detailed  description  given  in  the 
paragraphs  treating  of  the  parts  in  question. 

One  mode  of  termination  of  the  spinal  nerves  has  here  still  to 
be  mentioned,  that  in  the  Pacinian  bodies.  These  bodies,  called 
so  by  Henle  and  me  (  Ueber  die  Pacin.  Körperchen  d.  Menschen  und 
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der  Tliiere.  Zürich.  1844.)  after  Professor  Pacini^  of  Pisa,  are  of 
an  elliptical  or  pyriform  shape,  of  a  transparent  wliitish  colour, 
with  a  whiter  streak  in  the  interior,  and  of  to  2'"  in  size.  In 
man,  they  are  constantly  found  upon  the  cutaneous  nerves  of  the 
palm  of  the  hand  and  sole  of  the  foot,  seated  in  the  subcutaneous 
Fig.  103.  tissue,  and  most  numerously  in  the 

fingers  and  toes,  especially  in  the 
third  phalanges.  In  exceptional 
cases,  they  occur  also  upon  other 
spinal  nerves;  and  it  may  here, 
moreover,  be  stated,  that  they  are 
invariably  to  be  found  on  the 
branches  of  the  large  sympathetic 
plexus  before  and  alongside  the  ab- 
dominal aorta,  behind  the  peri- 
toneum, especially  in  the  neighbour- 
hood of  the  pancreas;  often,  also, 
in  the  nerves  in  the  mesentery, 
nearly  as  far  out  as  the  intestine. 
The  structure  of  the  Pacinian  bo- 
dies is,  upon  the  whole,  simple  (fig. 
103).  Each  consists  of  very  many 
(20  to  60)  concentric  layers  of  a 
somewhat  homogeneous  connective 
tissue,  with  numerous  delicate  plasm- 
cells.  The  outer  layers  are  separated 
by  larger,  the  inner  by  smaller  in- 
terspaces, containing  a  clear  serous 
fluid,  whilst  the  cavity  of  the  inner- 
most layer  is  filled  with  a  clear, 
finely  granular  substance  furnished 
with  delicate  nuclei.  Each  body 
has  a  roundish  pedicle,  formed  by 
the  continuation  of  its  membranous 
layers.  This  is  connected  with  a 
nerve-twig,  and  contains  a  dark 
nerve-fibre,  0  006'''  to  o-o68"'  broad,  running  into  the  Pacinian  body. 
The  fibre  passes  from  the  pedicle  into  the  central  cavity,  is 
here  reduced  to  o'ooö'''  in  breadth,  and  0-004'''  in  thickness, 
becomes  pale,  7ion-medullatecl,  almost  like  the  axis-cylinder  of 
a  nerve-fibre,  and  terminates  in  the  upper  part  of  the  central 
cavity  by  a  free,  slightly  granular  knob,  the  extremity  being 


A  Inmian  Pacinian  body,  magnified  3?0 
times,  a.  Pedicle  of  the  same  ;  b.  nerve- 
fibre  in  it:  c.  outer,  d.  inner  layers  of 
the  envelope  ;  e.  pale  nerve-fibre  in  the 
central  cavity;  /.  division  and  termina- 
tion of  the  same. 
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frequently  bifid  or  trifid.  These  bodies  occur  in  great  numbers 
in  many  mammalia  (most  beautifully  in  the  mesentery  of  the 
cat),  and  also  in  birds,  in  the  skin,  extremities,  beak,  and 
tongue  {Herhst,  Will);  but  their  physiological  import  is  as  yet 
altogether  obscure.  Further  information,  including  zootomical 
details  respecting  them,  may  be  found  in  Herbst,  Die  Pacin- 
iscJien  Körperchen,  Göttingen,  1847  ;  Bowman,  Art.  Pacinian 
Bodies,  in  Cyd.  of  A7iat.;  and  several  papers  quoted  in  my 
Micr,  Anat. 

The  spinal  nerves,  at  their  exit  from  the  dura  mater,  are  en- 
veloped by  a  firm  covering  of  connective  tissue,  the  nerve-sheath, 
neurilemma,  which  also  enters  into  the  interior  of  the  nerves  with 
fine  processes,  and,  as  in  the  muscles, 
marks  off  larger  and  smaller  fasciculi, 
and  also  penetrates,  in  form  of  deli- 
cate septa,  between  the  individual  tubes  ^^^^S^^'^^? 
(fig.  104).     In  the  terminal  ramifica-  ^^^^^'^^|^^ 
tions,  where   single   fibres,  or   collec-  J"^^^^' 
tions  of  a  few  fibres,  still  frequently  'i 
possess  an  external  sheath,  the  neuri-  ..Si^rSS^mä'^Z^^. 
lemma  appears  as  a  homogeneous  en-    ^  .^TrUSratf  tSe  S 
velope  beset  with  elongated  nuclei,  of    ^£^1"  ^^a^ ^ft^  s"S 
0003"'  in  diameter;  and  in  this  form    «'^^^^^s.  From  the  caif. 
it  is  found  also  in  the  smaller  branches  of  the  cutaneous  and 
muscular  nerves,  only  that  the  substance  there  begins  gradually  to 
split  up  into  longitudinal  fibres,  the  nuclei  lengthen  out  to  from 
0-005'''  to  0  008'",  often  almost  as  in  smooth  muscles,  and  plasm-cells 
and  elastic  fibrils  appear,  which  latter  often  encircle  whole  bundles. 
Finally,  in  the  larger  nerves,  ordinary  connective  tissue,  with 
distinct  longitudinal  fibrils,  as  in  fibrous  membranes,  intermingled 
with  a  network  of  elastic  fibres,  makes  its  appearance,  yet  even 
here,  particularly  in  the  interior,  there  occur  immature  forms  of 
connective  and  elastic  tissue. 

All  the  larger  nerves  contain  vessels,  although  not  in  great 
numbers,  running  principally  in  the  longitudinal  direction,  and 
forming  a  loose  network  of  fine  capillaries,  of  0-002'"  to  0-004'", 
with  elongated  meshes,  which  invests  the  bundles,  and,  in  part, 
enters  between  the  elements  of  them,  yet  never  surrounds  the 
individual  primitive  fibres,  but  always  collections  of  them.  The 
ganglia  contain  beautiful  reticular  capillaries  in  the  form  of  a 
meshwork,  each  ganglion-globule  being  surrounded  by  special 
vessels.    The  Pacinian  bodies  also  contain  vessels,  which  penetrate 
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even  into  tlie  central  cavity  (Todd  and  Bowman^  i.,  pp.  75,  76; 
Herbst^  tab.  iv.,  figs,  i  and  2). 

§121.  Cerebral  Nerves. — The  sensitive  and  motor  nerves,  arising 
from  the  brain^  agree  so  closely  with  the  spinal  nerves^  that  a  short 
description  of  them  is  sufficient,  while  the  specialities  of  the  higher 
nerves  of  sense  will  be  afterwards  considered  along  with  the  organs 
of  the  senses.  As  regards  their  roots,  as  well  as  their  conrse  and  dis- 
tribntion^,  the  motor  cerebral  nerves,  the  thirds  fourth^  sixth,  seventh, 
and  twelfth  pair  present  quite  the  same  relations  as  the  motor  roots 
and  muscular  branches  of  the  spinal  nerves,  with  the  single  excep- 
tion, that  by  communications  with  sensitive  nerves,  some  sentient 
fibres,  destined  for  the  muscles,  are  mingled  with  all  of  these 
nerves.  It  is  worthy  of  remark,  that,  according  to  Volhnann, 
the  small  root  of  the  liypo-glossus  of  the  calf,  which  is  provided 
with  a  ganglion,  excites  motorial  efl'ects.  The  signification  of  this 
occurrence  of  ganglionic  globules  in  motor  nerves  has  not  hitherto 
been  made  out.  Probably,  simple  fibres  with  peripheral  distri- 
bution arise  from  them,  exactly  as  in  the  spinal  ganglia;  at  any 
rate,  it  shows  that  ganglia  are  not  necessarily  restricted  to  sensitive 
nerves.  The  fifth,  ninth,  and  tenth  pairs  resemble  the  spinal  nerves 
in  so  far  as  they  all  contain  motor  and  sensitive  elements.  In  the 
trigeminus,  the  small  root  contains  principally  motor  thick  tubes ; 
the  large,  many  fine  fibres.  The  Gasserian  ganglion  contains 
numerous  larger  and  smaller  ganglion-globules,  of  0-008'"'  to 
0*030''',  with  nucleated  sheaths,  and,  according  to  what  I  have 
observed  in  small  mammalia  and  in  man,  presents  the  same  rela- 
tions as  a  spinal  ganglion,  i.e.,  it  allows  the  fibres  of  the  large  root 
simply  to  pass  through,  and,  from  unipolar  cells,  gives  origin  to 
numerous  moderately  thick  nerve-fibres,  which  join  the  branches 
passing  out  of  the  ganglion.  Bipolar  cells  also  occur,  but,  as  it 
appears,  in  smaller  numbers ;  and  as  for  the  apolar  cells,  the  same 
holds  good  as  in  the  spinal  ganglia.  The  terminal  distribution 
of  the  trigeminus  is,  for  the  most  part,  the  same  as  that  of  the 
cutaneous  nerves  in  general,  which  is  described  in  detail  elsewhere. 
The  nervus  lingualis  possesses  peripheral  ganglia.  With  regard  to 
the  larger  ganglia  occurring  on  the  trigeminus  (ganglion  ciliare, 
oticum,  spheno-palatinum,  linguale,  supra-maxillare),  I  find  that 
their  structure  is  more  like  that  of  the  sympathetic  gangha,  only 
they  contain  a  considerable  number  of  larger  ganglion-globules. 
The  glosso-pharyngeus,  although  endowed  with  motor  properties, 
possesses,  nevertheless,  according  to  Volhnann,  no  fibres  which  do 


SECT.  122.] 


NERVOUS  SYSTEM, 


not  traverse  tlie  one  or  the  other  of  its  ganglia.  The  ganglia  of 
the  glosso-pharyngeus  present  the  same  relations  as  the  spinal 
ganglia ;  in  the  tympanic  cavity  and  the  tongue^  its  terminations 
contain  small  ganglia,  and  otherwise  agree  with  those  of  the  trige- 
minus (P.  major).  The  vagus  in  man  enters  with  all  its  roots  into 
the  ganglion  jugulare,  whilst  in  some  mammalia  (dog^  cat^  rabbit, 
and  sheep,  but  not  in  the  calf)^  it  has  a  smaller  bundle  of  origin^ 
which  is  not  concerned  in  the  ganglion.  In  the  ganglion  jugulare j 
and  in  the  intumescentia  ganglioformis,  I  have  never  been  able  to 
discover  anything  deviating  from  the  structure  of  a  spinal  ganglion, 
only  some  of  the  ganglionic  cells  fall  to  O'oog''  in  diameter.  In 
its  termination  this  nerve  presents  a  constant  mode  of  distribution 
of  the  thicker  and  thinner  fibres,  so  that  the  branches  to  the 
oesophagus,  heart,  and  stomach,  contain  almost  exclusively  thin 
fibres ;  wdiilst  in  those  to  the  lungs  and  in  the  laryngeus  superior,  the 
thin  fibres  are  to  the  thick  as  2  :  i,  and  in  the  laryngeus  inferior  and 
the  rami  pharyngei,  as  i  :  6 — lo.  These  fine  fibres  do  not  all  come 
from  the  sympathetic,  since  they  are  found  in  large  proportion  in 
the  roots  of  the  vagus,  and  they  are  also  very  numerous  in  the 
laryngeus  superior.  Besides,  many  of  them  may  be  nothing  else 
than  attenuated  or  originally  finer  ganglionic  fibres,  as  they  are 
called,  arising  from  the  ganglia  of  the  vagus  itself,  and  which  I 
am  not  disposed  to  refer  to  the  sympathetic.  With  respect  to  the 
terminations  of  the  vagus,  see  below,  in  the  paragraphs  treating  of 
them.  The  accessorius  JVillisii,  although,  perhaps,  also  sensitive 
in  part,  possesses  no  ganglion-globules,  and,  as  far  as  is  known, 
exhibits  nothing  peculiar  in  its  distribution  and  termination. 

§  122.  Ganglionic  Nerves.— This  name  is,  perhaps,  the  most 
fitting  wherewith  to  designate  the  so-called  sympathicus,  the  sym- 
pathetic or  vegetative  nervous  system,  since  it  presupposes  no  phy- 
siological hypothesis,  but  simply  expresses  the  fact  which,  anato- 
mically, is  most  conspicuous.  The  ganglionic  nerves  are  neither  a 
wholly  separated  part  of  the  nervous  system  {Eeil,  Blchat) ,  nor  a 
mere  section  of  the  cerebro-spinal  nerves,  but,  on  the  one  hand, 
they  exist  quite  independently,  in  virtue  of  very  numerous  nerve- 
fibres  arising  in  their  ganglia,  ganglionic  fibres  of  the  sympathetic  ; 
while,  on  the  other,  they  are  also  connected  with  the  cord  and 
brain  by  means  of  a  small  number  of  fibres,  which  they  receive 
from  other  nerves. 

If  we  compare  the  ganglionic  and  the  cerebro-spinal  nerves,  we 
find  that  the  former,  derived  as  they  are  from  a  two-fold  source, 
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undoubtedly  resemble^  in  a  certain  respect,  the  latter,  wbicb  are, 
in  like  manner,  formed  of  the  ganglionic  fibres  of  the  spinal 

ganglia,  and  of  fibres  which  spring  from 
the  cord;  but  the  sympathetic  nerves 
differ  particularly  in  this,  that  they 
possess  a  much  larger  number  of  inde- 
pendent elements  of  ganglia  and  of 
ganglionic  fibres,  and  form  much  more 
numerous  anastomoses  with  one  another. 
While,  therefore,  it  may  be  right  to  con- 
sider them  apart,  in  an  anatomical  view, 
we  are  not  warranted  in  holding  them 
as  altogether  peculiar,  seeing  that  all 
nerves  fundamentally  agree  in  their 
chief  elements,  some  cerebral  nerves 
(vagus,  glosso-pharyngeus),  even  exhi- 
biting numerous  peripheral  ganglia; 
and  that,  moreover,  comparative  anatomy 
indicates  their  derivation  from  the  spinal 
nerves,  and  that  physiology  shows  them 
to  have  no  speciality  in  function. 


Sixtli  thoracic  ganglion  of  the 
left  side,  from  the  sympathetic  of 
the  rabbit,  seen  from  the  posterior 
side,  treated  with  caustic  soda,  and 
magnified  40  times.  T.  2.  Trunlc 
of  the  sympathetic  nerve.  R.c. 
R.  e.  Rami  communicantes,  both 
splitting  into  two  branches.  Spl. 
Splanchnicus.  S.  Twig  of  the 
ganglion,  with  two  thicker  and 
some  finer  fibres,  probably  going 
to  vessels,  g.  Ganglion-globules 
and  fibres,  joining  the  trunk  of 
the  main  cord. 


§  123.  Cord  of  the  Ganglionic  Nerves, 
Nervus  Sympathicus. — The  sympathetic 
nerve  in  man  is  a  whitish  or  white  nerve, 
whose  dark-bordered  tubes  generally  run 
parallel  to  each  other,  without  dividing 
or  anastomosing,  some  of  them  mea- 
suring 0-0025'"  to  o-oo6'''  or  more, 
others  only  o'ooi2'''  to  0-0025'''  in 
diameter.  These  finer  and  thicker  fibres 
run  partly  intermingled  with  each  other,  partly  in  separate 
bundles,  alongside  each  other,  which  latter  arrangement  especially 
prevails  in  the  neighbourhood  of  the  ganglia  of  the  main  cord, 
and  in  these  ganglia  themselves.  In  structure,  the  ganglia 
agree  generally  with  the  spinal  ganglia.  Each  of  them  consists, 
I,  of  nerve-fibres  which  pass  through  it,  going  from  one  part 
of  the  trunk  to  another;  2,  of  a  certain  number  of  fine  tubes 
arising  in  the  ganglion;  and  3,  of  numerous  ganglion-cells. 
Moreover,  the  rami  communicantes  enter  into  the  ganglia,  and 
branches  pass  peripherally  out  of  them.  The  ganglion-cells  in  the 
sympathetic  (fig.  105,  B)  present  essentially  the  same  relations  as 
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in  the  spinal  ganglia^  only  they  are^  on  an  average,  smaller,  ranging 
from  o'Oo6'''  to  0"0i8'''  in  diameter,  the  mean  being  from  o'ooS"'  to 
O'oi''',  less  deeply  coloured 
with  pigment_,  or  even  co- 
lourless,  and  generally  rather 
uniformly  rounded.  As  to 
the  origin  of  the  nei-'ve- fibres 
of  the  gangliated  cord,  it  is 
especially  obvious,  that  the 
greater  part  of  them  come 
from  the  rami  communi- 
cantes  which  arise  from  the 
trunks  of  the  spinal  nerves 
immediately  beyond  the 
spinal  ganglia;  they  are 
formed,  in  general,  like  the  sensitive  roots  of  these  {i.e.,  principally 
contain  finer  fibres) ;  and,  whether  one  or  more  from  each  spinal 
nerve,  are  distinctly  connected  with  both  its  roots.  According  to 
all  that  has  hitherto  been  ascertained,  the  fibres  of  these  connecting 
branches  spring  principally  from  the  spinal  cord  and  spinal  ganglia, 
and  are,  consequently,  roots  of  the  sympathetic ;  a  smaller  part  of 
them,  however,  may  come  from  the  sympathetic,  and  joining  the 
spinal  nerves,  be  distributed  with  them  peripherally.  Having  en- 
tered the  gangliated  cord  of  the  sympathetic,  the  ra?7ii  communi- 
cantes,  in  so  far  as  they  arise  from  the  spinal  nerves,  almost 
invariably  divide  into  two  or  several  branches,  and  run  upwards 
and  downwards  in  the  main  cord  towards  its  cephalic  and  pelvic 
extremities;  and  then  joining  the  longitudinal  fibres,  they  all 
gradually  pass  off  into  the  peripheral  branches. 

Besides  the  finer  and  thicker  fibres  of  the  rami  commiinicantes, 
the  cord  of  the  sympathetic  contains  other  very  numerous  dark- 
bordered,  but  pale,  fine  nerve-tubes,  of  0-0012"'  to  0-002'"  in  dia- 
meter, concerning  which  I  unhesitatingly  assert  that  they  arise  in 
it,  and  are  not  merely  continuations  of  the  fibres  of  the  rami  com- 
municantes,  as  has  been  lately  supposed,  since  the  discovery  of 
bipolar  ganglion-globules  in  fish.  According  to  all  that  I  have 
seen  in  mammalia  and  in  man,  the  sympathetic  ganglia  agree  with 
those  of  the  spinal  nerves  in  so  far,  that  they  contain  chiefly  uni- 
polar, more  rarely  bipolar  cells;  they  differ,  however,  in  this 
respect,  that  apolar  cells  are  certainly  present  in  them  in  larger 
quantity,  and  that  their  ganglionic  fibres  are  invariably  the  finest 
which  are  met  with  in  peripheral  nerves,  and  probably,  in  most 


Fig.  106. 


From  the  human  sympathetic  nerve ;  magnified  350 
times.  A.  A  piece  of  a  grey  nerve,  treated  with 
acetic  acid;  a.  fine  nerve-tubes  ;  b.  nuclei  of  RemaTc's 
fibres.  B.  Three  ganglion-globules,  one  with  a  pale 
process. 
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cases,  pass  from  the  ganglia  in  various  directions.  According  to 
Remak,  multipolar  cells  also  occur  in  tlie  ganglia  of  tlie  sympa- 
thetic. To  trace  topographically  different  fibres  in  the  sympathetic 
cord,  with  reference  to  their  origin  from  determinate  rami  com- 
municantes  and  ganglia,  and  their  continuation  into  particular 
branches  —  if  more  be  required  than  what  has  already  been  stated 
—  is  a  problem  as  yet  not  to  be  undertaken,  and  which  can  only 
be  reserved  for  the  future. 

Bidder  and  Volkmmm  have  demonstrated,  that  in  the  frog  the  majority  of 
the  fibres  of  the  rami  communicantes  are  distributed  with  the  spinal  nerves 
in  the  periphery,  and,  accordingly,  only  a  small  part,  which,  besides,  is  derived 
from  the  spinal  gangha,  is  to  be  regarded  as  the  root  of  the  sympathetic. 
However,  I  believe  I  have  seen  in  man  and  in  rabbits  the  mwi  communicantes 
running  principally  in  a  central  direction. 

This  appears  to  be  the  proper  place  to  make  a  few  more  remarks  upon  the 
ßnc  ßbres  of  the  gangiionic-nerves.  It  has  long  since  been  known,  that  the 
sympathetic  contains  far  more  of  the  thinner  nerve-fibres  than  the  cerebro- 
spinal nerves;  but  it  was  first  in  1842,  that  Bidder  and  Volhnann  endea- 
voured to  show  that  they  are  not  only  thinner,  but  also  otherwise  anatomically 
different,  whence,  in  contrast  to  the  thick  tubes  of  the  cerebro-spinal  nerves, 
they  called  them  sympathetic  nerve-fibres.  In  opposition  to  this,  Valentin 
(jRe2}ert.  1843,  p.  103),  and  I  (Symj).,  p.  10,  et  seq.),  attempted  to  prove,  and,  as 
I  beheve,  successfully,  that  the  fine  fibres  in  the  sympathetic  constitute  no 
special  class  of  fibres. 

§  124.  Peripheral  Distribution  of  the  Ganglionic  Nerves. — From 
the  cord  of  the  sympathetic,  arise  the  branches  going  to  the  peri- 
phery. These  invariably  receive  both  fine  and  thick  fibres  from  the 
main  cord,  but  besides,  at  least  in  part,  contain  other  special  elements, 
to  which  their  difference  of  aspect  is  owing.  Some  of  them,  namely, 
are  white,  as  the  trunk  itself  is  in  most  places,  the  nervi  splanchnici, 
for  instance ;  others  are  greyish- white,  as  the  72ervi  intestinales  and 
the  nerves  of  the  non-pregnant  uterus ;  others  are  grey,  and  at 
the  same  time  less  firm  to  the  touch,  as  the  nervus  caroticus  internus, 
the  nervi  carotid  externi  seu  molles,  the  nervi  cardiaci,  the  vascular 
branches  in  general,  the  branches  connecting  the  great  ganglia 
and  plexuses  of  the  abdominal  cavity,  the  branches  passing  into 
the  glands,  and  the  pelvic  plexuses.  The  peculiar  condition  of  the 
latter  nerves  depends,  in  part,  upon  the  paler  colour  of  the  fibres 
of  the  sympathetic  itself,  chiefly,  however,  upon  the  presence  of 
Remak's  fibres,  as  they  are  termed  after  their  discoverer  (gelatinous 
fibres,  Henle),  which  were  at  first  looked  upon  as  a  kind  of  nerve- 
tubes,  but  which  are  only  a  form  of  connective  tissue,  although 
there  are  still  some  authorities  who  have  not  been  able  to  satisfy 
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tliemselves  to  this  effect.  Sometimes  these  fibres  are  more 
readily  separated,  sometimes  they  are  united  into  a  more  compact 
substance  similar  to  homogeneous  connective  tissue.  In  the  for- 
mer case,  they  appear  as  flat_,  pale  fibres,  0*0015"'  to  o*oo25'"  in 
breadth,  o"ooo6'"  in  thickness,  with  indistinctly  striated,  more 
granular  or  homogeneous  substance,  presenting  the  same  reaction 
with  diluted  organic  acids  as  areolar  tissue,  and  possess,  from 
place  to  place,  mostly  elongated  or  fusiform  nuclei,  0*003'" 
0*007'"  long,  0*002"  to  0*003"'  broad.  These  fibres,  which,  in 
certain  places,  anastomose  like  reticulate  areolar  tissue,  are  found 
in  all  the  grey  paits  of  the  ganglionic  nerves  in  very  large  numbers, 
so  that  they  outnumber  the  dark-bordered  genuine  nerve-tubes 
3  to  I  o  times  and  more.  They  mostly  constitute  the  proper  matrix 
of  these  cords  (fig.  106),  and  then,  the  dark-bordered  tubes  extend 
through  the  midst  of  them,  sometimes  more  isolated,  sometimes 
in  larger  and  smaller  bundles.  More  rarely,  and  only  in  the 
neighbourhood  of  and  in  the  ganglia  themselves,  they  appear  as 
investments  of  certain  of  the  finest  tubes.  Besides  the  presence 
of  these  fibres  of  Remah,  the  peripheral  distribution  of  the  sym- 
pathetic is  especially  characterised  by  the  occurrence  of  a  large 
number  of  ganglia.  They  are  larger  or  smaller,  or  CA^en  micro- 
scopical in  size,  and  are  situated  upon  the  trunks  or  termination 
of  the  nerves.  The  smallest  or  microscopical,  so  far  as  is  hitherto 
known,  exist  upon  the  7iervi  carotid,  in  the  pharyngeal  plexus,  in 
the  heart,  at  the  root  of  the  lungs,  and  in  the  lungs,  occasionally 
upon  the  posterior  wall  of  the  urinary  bladder,  on  the  muscular 
substance  of  the  neck  of  the  uterus  of  the  pig,  and  in  the  plexus 
cavernosi.  Their  distribution  will  be  considered  more  in  detail 
when  treating  of  the  viscera ;  I  will  here  only  remark  in  general, 
that,  in  what  regards  the  size  and  form  of  the  ganglion-cells  and 
the  origin  of  the  fine  fibres,  they  present  exactly  the  same  relations 
as  the  ganglia  of  the  sympathetic  cord.  With  reference  to  the 
latter  point,  it  may  be  particularly  mentioned,  that  the  origin  of 
nerve-fibres  from  unipolar  cells,  and  the  rarity  of  the  double  origin 
of  fibres  may  be  especially  well  seen  in  one  place,  namely,  in  the 
septum  of  the  heart  of  the  frog,  where  also  R.  Wagner  admits 
the  fact.  Accordingly,  these  ganglia  are  also  sources  of  nerve- 
fibres,  and  the  branches  passing  out  of  them  are  always  richer  in 
tubes  than  the  roots,  provided  the  fibres  pass  out  only  in  one 
direction,  which  is,  perhaps,  the  case  in  most  places.  Here  also 
we  may  most  readily  convince  ourselves  that  there  are  many  apolar 
cells  without  processes,  as  is  most  plainly  shown  in  the  heart- 
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ganglia,  and  in  the  small  ganglia  upon  the  urinary  bladder  of  the 
hombinafor,  in  which,  as  also  in  similar  ganglia  of  the  frog,  the 
matter  is  as  clear  as  possible. 

It  is  still  doubtful,  how  the  nerve-tubes  arising  from  these  dif- 
ferent sources  —  the  rami  communicantes,  ganglia  of  the  sympa- 
thetic cord  and  the  peripheral  ganglia  —  are  related  in  their 
distribution.  Many  peripheral  branches  anastomose  Avith  others, 
and  are  then  withdrawn  from  further  investigation,  as,  for  in- 
stance, the  nervi  carotid  externi  and  nervus  caroticus  internus,  the 
latter  of  which,  containing  almost  solely  fine  fibres,  with  a  large 
number  of  Eemak-ßbres,  I  do  not  regard  as  a  root  in  the  usual 
meaning  of  the  word,  but  as  a  branch  arising  from  the  superior  cer- 
vical ganglion,  and,  perhaps,  the  other  cervical  ganglia ;  further,  the 
parts  of  the  7iervi  communicantes,  which  run  towards  the  periphery 
with  the  spinal  nerves,  the  rami  cardiaci,  pulmonales,  etc.  Other 
branches  become  so  fine  in  the  parenchyma  of  the  organs,  that  it 
is  impossible  to  trace  them  for  any  great  length.  The  following 
is  all  that  has  been  ascertained  with  respect  to  their  final  course  : 
I.  divisions  of  fibres  occur  in  the  trunks  and  terminal  ramifications 
of  the  sympathetic,  as  in  the  nerves  of  the  spleen,  of  the  Pacinian 
bodies  in  the  mesentery,  in  the  nerves  accompanying  the  vessels  in 
the  mesentery  of  the  frog,  in  those  situated  laterally  on  the  uterus 
of  rodent  animals,  then  those  of  the  lungs,  heart  and  stomach 
of  the  frog  and  rabbit ;  in  those  of  the  dura  mater  on  the  arterise 
meningese,  in  the  branches  of  the  sympathetic  of  the  sturgeon,  in 
the  cardiac  nerves  of  amphibia,  in  the  nerves  of  the  urinary 
bladder  of  the  rabbit  and  mouse,  in  those  of  the  peritoneum  of 
man  and  the  mouse,  in  the  lacrymal  and  salivary  glands.  2.  Fi-ee 
terminations  of  the  nerve-fibres  exist,  as  in  the  so-called  Pacinian 
bodies,  in  the  heart  and  upon  the  mesenteric  vessels  of  the  frog. 
3.  The  thicker  tubes  of  the  sympathetic  become  at  length  attenuated, 
being  converted  into  fine  tubes,  as  may  be  readily  seen  in  the 
rami  intestinales,  lienales,  and  hepatici,  although  in  the  interior 
of  the  above-mentioned  organs,  these  nerves  may  retain  a  few 
larger  nerve-tubes,  which,  however,  they  eventually  lose.  The 
actual  terminations  of  these  nerves  in  the  organs,  in  the  heart, 
lungs,  stomach,  intestines,  kidneys,  spleen,  liver,  uterus,  etc.,  are 
quite  unknown;  still,  from  the  impossibility  of  finding  dark- 
bordered  tubes  in  the  ultimate  ramifications  of  these  nerves,  it 
may  be  supposed,  that  they  end  almost  everywhere  in  non-medul- 
lated,  embryonic  fibres.  In  fact,  I  have  hitherto  in  vain  endeavoured 
to  hit  upon  them. 
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Quite  recently  Eemah  (I.e.)  has  given  an  entirely  new  exposition  of  the 
course  of  the  fibres  in  the  sympathetic,  which  is  based  upon  the  discovery 
made  by  him  in  1837  of  m?<!^^i2;ökr  ceZZs  in  sympathetic  ganglia.  According 
to  Remak,  the  upper  branch  of  each  ramus  comiminicam,  which  he  calls 
sjnnalis,  conducts  to  the  sympathetic,  fibres  of  the  motor  and  sensitive  roots 
of  the  spinal  nerves,  which,  in  the  nearest  ganglion,  or  in  the  subsequent  one, 
become  connected  with  the  multipolar  cells  of  the  latter.  From  these  same 
cells  there  then  arise  thicker  and  finer,  dark-bordered,  and  also  non-medul- 
lated  fibres,  which,  partly  by  means  of  the  lower  branch  of  the  ramus  eom- 
mnnicans,  or  the  ramus  communicajis  sijmjMtheticus,  join  the  spinal  nerves  tobe 
distributed  in  the  periphery,  partly  pass  into  the  peripheral  ra^mifications  of 
the  sympathetic  itself,  in  which  they  become  again  connected  (once  or  several 
times,  according  to  the  number  of  the  peripheral  ganglia),  with  multipolar 
cells,  which  on  their  part,  give  off,  as  might  be  expected,  peripheral  branches. 
According  to  this  view,  the  sympathetic,  therefore,  contains  no  spinal  nerve- 
fibres  merely  running  along  its  trunk  and  branches  and  not  uniting  vdth.  its 
elements,  and  no  fibres  of  its  own  running  independently,  but  appears  as  an 
aggregate  of  many  spinal  nerves,  whose  elements  are  variously  divided,  and 
contain  ganglionic  cells  at  the  places  of  division.  By  means  of  these  cells, 
and  the  numerous  tubes  passing  from  them  to  the  periphery,  the  inde- 
pendence of  the  sympathetic  would  be  established  and  the  increase  of  fibres 
accounted  for  ;  and  doubtless,  also,  physiological  explanations  would  be  found 
to  answer  better  than  according  to  the  hitherto  received  views  of  the  struc- 
ture of  the  sympathetic ;  only  it  is  to  be  regretted  that  JRemah  has  forgotten 
to  adduce  the  proofs  of  his  hypothesis,  here  shortly  sketched,  for  the  par- 
ticulars of  which  my  Hand'booli  may  be  consulted,  2nd  Edit.  p.  3  54. 


Development  of  the  Elements  of  the  Nervous  System. 

§  125.  The  nerve-cells,  wherever  they  occur,  result  merely  from 
metamorphosis  of  the  so-called  embryonic  cells;  some  simply 
enlarging,  others  growing  out  into  a  variable  number  of  processes^ 
and^  in  part  at  least,  becoming  connected  with  the  nerve-fibres. 
Many  nerve -cells  appear  at  a  later  period  to  multiply  b}^  division; 
at  least,  I  cannot  othermse  explain  the  frequent  occurrence  of  two 
,  nuclei  in  the  nerve-cells  of  young  animals,  especially  in  the  ganglia^ 
and  of  cells  connected  by  filaments  of  communication,  which  have 
been  seen  by  difiPerent  observers. 

The  peripheral  nerve-tuhes  arise  in  tlie  place  which,  they  are 
destined  to  occupy,  but  are  further  developed  in  such  a  manner^ 
that  the  central  ends  are  always  more  advanced  in  formation  than 
the  peripheral.  With  tlie  exception  of  the  nerve-terminations,  the 
nerve-tubes  are  developed  from  fusiform  nucleated  cells,  which  are 
merely  modifications  of  the  primitive  formative  cells  of  the  embryo, 
and  which  become  connected  to  form  pale,  flat,  long,  nucleated 
tubes  or  fibres,  cooi"'  to  0*003''"  in  breadth.    The  nerves  at  first 
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consist  only  of  sncli  fibres  and  of  rudiments  of  the  neurilemma, 

and  are  grey  or  dull- 
white,  like  sympa- 
thetic fibres;  at  a 
later  period,  in  the 
human  embryo  of 
four  or  five  months, 
they  become  pro- 
gressively whiter, 
and  the  proper  white 
or  medullary  sub- 

1.  Two  nerve-fibres  from  the  nervus  iscJiiadicu^  of  an  embryo  16  f^y^pp  beCOmesmOrC 

weeks  old.   2.  Nerve-tube  from  a  newly-born  rabbit.  «•  Envelope  StaUCL  UCLUlilLS  ii  u  c 

of  the  same.    b.  Nucleus,   c.  Medullary  sjeath.   3;,  N^rve-fibre  ^  deVClopcd 

from  the  tail  of  the  tadpole,   abc.  As  above,   d.  rhe  hbie  still  r 

presents  the  embryonic  character  ;  the  dark-bordered  fibre  shows  tliQif  fibrCS. 
a  division. 

With  reference  to  the  jjro- 
duction  of  the  white  sub- 
stance,  direct  observation 
shows  only  this  much,  that 
the  contents   of  the  pale 
embryonic  tubes  gradually 
acquire  darker  and  darker 
contours,  and  they  finally 
appear    as   genuine  dark- 
bordered  fibres.  Now,  since 
it  can  be  demonstrated,  that 
the  fibres,  while  becoming 
so  altered,  do  not  change 
their    diameter,   we  may, 
perhaps,  be  warranted  in 
assuming,   that  the  white 
substance    is    formed  by 
a  chemical  metamorphosis 
of  a  part  of  the  contents 
of    the    primitive  nerve- 
tubes,  whilst    the  remain- 
der   becomes    the  axis- 
cylinder. 

The  development 
nerve  -  terminations, 

ap-pears    to    differ    in    some  Serves  from  the  tan  of  the  tadpole,  magnified  350 

.1     ^      p    -1  times.    1.  Embryonic  nerve-fibre,  in  which  two  or 

respects    irom    that    OI    tiie  more  dark-bordered  nerve-tubes  have  been  developed. 

^               -                       T-  1  2.  Embryonic  fibres,  containing  only  one  dark-bordered 

nerve-trunks,  may,  as  i  nave  tube,  which  in  the  one  fibre  ceases  at  /j.    3.  Embryonic 

,   .         770      AT  ^  rale  fibres.     4.  Eusiforra  cells  connected  with  each 

^hown  (  Aiinat.  a.   OC.   l\at.,  other,  and  with  a  fnlly  developed  nerve-fibre. 


of  the 
which 
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1846,  p.  102^  tab.  6,  7),  be  traced  with  facility  iu  the  tail  of  tlie 
larvce  of  the  naked  amphibia  (fig.  107,  3;  108).  Here  we  find,  as 
the  first  rudiments  of  the  nerves,  pale  branched  fibres,  o'ooi'''  to 
0*002'''  in  diameter,  which  anastomose  at  certain  places,  and  finally 
terminate  in  extremely  fine  fibrils,  0-0002'"  to  o'ooo4"'  in  diameter. 
There  is  not  the  slightest  difficulty  in  showing  that  these  fibres 
arise  by  the  coalescence  of  fusiform  or  stellated  cells ;  for,  firstly, 
we  see  such  cells  partly  lying  close  to  the  fibres,  but  distinct  from 
them,  partly  more  or  less  connected  with  their  off- shoots  ;  and, 
secondly,  we  find,  in  the  somewhat  swollen  places  of  division  of 
the  fibres,  distinct  cell-nuclei,  and  with  them,  at  least  in  young 
larvss,  the  well-known  angular  yelk  granules,  which  originally 
fill  all  the  cells  of  the  embryo.  At  first  the  pale  embryonic  nerves 
are  very  few  in  number,  and  are  limited  to  some  short  trunks  lying 
close  to  the  muscles  of  the  tail;  gradually,  however,  they  are 
developed  in  a  peripheral  direction  farther  into  the  transparent 
parts  of  the  tail,  and  in  such  a  manner,  that  new  cells  continually 
become  united  with  the  nerve-trunks  already  present,  whilst 
the  latter  unite  with  each  other  by  means  of  slender  ofT-shoots, 
almost  like  the  capillaries  of  the  same  animal.  These  ramifica- 
tions, when  once  formed,  undergo  further  changes,  as  follows : 
Whilst  the  fibres  gradually  thicken  to  twice  or  four  times  their 
original  diameter,  dark-bordered  fine  primitive  fibres  are  gra- 
dually developed  in  them,  in  the  direction  from  the  trunks  to  the 
branches,  which,  in  no  case,  owe  their  origin  to  any  newly  super- 
added medullary  sheaths,  but  are  certainly  formed  only  by  the 
metamorphosis  of  a  part  of  the  contents  of  the  pale  fibres.  The 
following  relations,  which  have  not  hitherto  been  seen  in  the 
higher  animals,  are  worthy  of  note:  i.  The  dark-bordered  tubes 
scarcely  ever  entirely  fill  the  pale  fibres  in  which  they  arise,  there 
being  generally  an  interspace,  often  as  wide  as  the  fibres  them- 
selves, remaining  between  them  and  the  sheath  of  the  embryonic 
fibres,  in  which  the  nuclei  of  the  primitive  formative  cells  may 
occasionally  be  seen.  2.  In  the  trunks  and  main  branches,  it  is 
undoubted  that  several  (2 — 4)  dark-bordered  tubes  become  de- 
veloped within  one  and  the  same  embryonic  fibre ;  a  very  remark- 
able fact,  proving  the  existence  of  dark-bordered  tubes  without 
structureless  sheaths,  and  showing  a  correspondence  with  the 
muscular  fasciculi,  in  which,  likewise,  many  fine  elements  arise 
within  one  tube.  Since  the  tails  of  tadpoles  fall  off  at  a  subse- 
quent period,  unfortunately  their  interesting  nerves  cannot  be 
followed  to  such  a  complete  stage  of  development,  as  those  of 
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other  parts.  Still,  in  the  oldest  tadpoles,  it  is  seen,  that  the 
nerves  in  question  are  somewhat  thicker  than  at  first,  and  that 
they  terminate  at  the  periphery,  partly  in  the  form  of  loops,  partly 
with  free  ends,  but  in  such  a  manner,  that  the  primitive  pale 
fibres  are  still  present,  and,  proceeding  from  the  dark-bordered 
ones,  form  an  extremely  fine  ultimate  nervous  ramification  with 
anastomoses  and  free  extremities. 

I  should  not  have  dwelt  so  long  upon  the  nerves  of  the  frog, 
were  it  not  extremely  probable  that  the  facts  observed  will  apply 
to  numerous  other  nerve-terminations.  This  is  certainly  the  case 
in  those  in  the  electric  organ  of  the  ray,  which,  even  when  fully 
developed,  agree  in  many  respects  with  those  of  well  grown  tadpoles, 
and,  as  Ecker  has  recently  shown  {Zeitschrift  für  Wiss.  Zoologie, 
1849,  p.  38)  are  developed  in  exactly  the  same  manner.  The 
nerves  in  the  skin  of  the  mouse  also  obviously  belong  to  this  cate- 
gory; and,  perhaps,  it  may  hereafter  be  found,  that,  wdierever 
peripheral  nerve-divisions  exist,  their  development  takes  place  in 
essentially  the  same  manner  as  I  have  here  described. 

But  few  investigations  have  been  made  with  reference  to  the 
development  of  the  nerve-fibres  in  the  central  organs.    Of  those  of 
the  ganglia  I  can  only  say  this  much,  that  they  are  later  in  being  de- 
veloped than  those  of  the  nerves,  and,  probably,  from  small  fusiform 
cells,  which  are  seen  among  the  ganglion- globules.    I  once  saw,  in 
a  spinal  ganglion  of  a  human  embryo  of  four  months,  such  a 
fusiform  cell  in  connection  with  the  process  of  a  ganglionic 
globule.    The  development  of  the  fibres  in  the  cord  and  brain  is 
extremely  difficult  to  investigate ;  and  it  is  best  to  make  use  of 
chromic  acid  preparations.    In  the  human  embryo,  I  find  the 
formation  of  the  tubes  in  question  already  commenced  at  the  end 
of  the  second  month,  the  white  substance  being  distinctly  striated, 
and  containing,  at  different  places,  evidently  fusiform,  very  delicate 
cells,  which  are  partly  isolated,  partly  connected,  two,  three,  or 
several  together.     All  these  cells  are  at  first  pale,  closely  surround  a 
nucleus,  0-002"'  to  0-003'''  in  size,  and  have  processes  which  are 
nearly  as  fine  as  the  fibrils  of  connective  tissue.    In  the  fourth 
month,  when  the  difference  between  the  two  kinds  of  substances 
is  very  distinct,  we  still,  in  parts,  recognise  nuclei  in  the  fibres 
which  have  now  become  broader  j  at  other  parts,  the  nuclei  have 
disappeared,  although  the  fibres  have  not  simultaneously  acquired 
dark  contours,  which  in  fact  are  only  developed  after  the  middle 
of  foetal  life,  and  first  in  the  cord. 

Respecting  the  subsequent  changes  of  the  nerve-tubes,  it  has 
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already  been  remarked,  that  in  part  they  increase  very  consider- 
ably in  thickness.  According  to  Harting,  the  fibres  of  the  median 
nerve  of  the  human  embryo  of  four  months,  measure,  on  an 
average,  3-4"'"',  in  a  newly  born  infant,  10-4'''"',  in  the  adult,  i6-6™"^. 
From  the  fourth  month  onwards,  the  increase  in  thickness  of  the 
nerves  themselves  appears,  according  to  Harf/ing,  to  depend  simply 
and  solely  upon  the  enlargement  of  the  abeady  existing  elements, 
since  the  foetus  and  newly-born  infant  possess  the  same  number 
of  primitive  fibres  as  the  adult. 

Extremely  few  ■pathological  changes  of  the  nerve-elements  are  known.  In 
the  nerve-cells  of  the  brain,  especially  in  old  age,  excessive  deposits  of  pig- 
ment and  deposits  of  fat  are  very  frequently  met  with.  Valentin  believes  he 
has  seen  a  regeneration  of  ganglion-globules  in  the  superior  cervical  ganglion 
of  the  rabbit,  and  WulUr  in  the  vagus  ganghon  of  the  rabbit,  while,  on  the 
other  hand,  Schroder  could  find  nothing  of  the  kind.  The  nerve-tubes  are 
easily  destroyed  by  extravasations  of  blood,  by  tumours,  by  fibrous  growth, 
etc.,  and  by  softening  of  the  brain  or  cord,  in  which  cases  the  white  substance 
of  the  tubes  breaks  down  into  larger  or  smaher,  very  variously-shaped,  coagu- 
lated or  fluid  masses,  whilst  the  axial  fibre  seems  to  disappear. 

In  atroiiTiied  nerves,  the  nerve-tubes  are  thinner,  readily  break  down,  and, 
instead  of  white  substance,  are  partly,  often  entirely,  filled  with  small  fat  mole- 
cules. Nerves,  when  cut  through,  readily  re-unite,  and  even  pieces  8"'  to  la" 
long  cut  out  of  peripheral  nerves,  are  replaced  by  true  nervous  tissue.  TiU 
quite  recently,  it  was  assumed,  that,  in  these  cases,  the  nerve-fibres  simply 
coalesced,  or  were  united  by  the  new  fibres  formed  between  the  two  cut 
extremities  ;  but  Waller  has  lately  asserted,  that  the  nerve-fibres  in  the 
part  of  the  nerve  below  or  beyond  the  jdace  of  section  always  perish,  and 
that  the  regeneration  is  effected  by  means  of  new  fibres,  which  are  developed 
between  the  necrosed  nerve-fibres.  According  to  ^YalUT,  the  old  nerve- 
fibres  degenerate  as  far  as  their  ultimate  terminations,  their  white  substance 
first  coagulating  and  then  breaking  down  into  larger  and  smaller  irregular 
masses,  which  at  last  entirely  disappear. 

How  the  new  fibres,  which  are  very  pale,  transparent  and  narrow,  arise,  is 
not  stated  by  Waller,  and  it  appears  to  me  as  still  by  no  means  proved,  that 
such  a  formation  takes  place,  seeing  that  I  at  least  found  no  trace  of  such  a 
formation  in  regenerated  nerves,  but  observed  numerous  collapsed,  non- 
meduhated  old  tubes  which,  perhaps,  subsequently  receive  medulla  again. 
In  fact,  Bruch  also  {Zeitschrift/.  Wiss.  Zool.  vi.)  believes  he  has  seen  a  simple 
coalescence  of  the  separated  nerve-fibres.  Schiff  2Ji(^  Lent  also  found  a  short 
time  since,  that  the  fibres,  which  Waller  regarded  as  new-formed,  are  nothing 
but  the  old  tubes  which  have  become  non-medullated.  When  the  ends  of 
the  nerves  coalesce,  these  fibres  receive  anew  their  medulla,  and  consequently, 
Waller's  hypothesis  cannot  be  maintained.  When  a  cut  nerve  does  not  heal, 
the  peripheral  end,  contemporaneously  with  the  extinction  of  the  nervous 
activity,  gradually  alters  in  a  particular  manner.  The  nerve-tubes,  as  a  whole, 
become  yeUowish,  soft,  friable,  and  lose  their  transversely-banded  appear- 
ance, together  with  their  lustre.  The  individual  nerve-tubes  no  longer 
present  a  trace  of  double  contours  ;  their  medulla  is  completely  coagulated, 
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and  their  breadth  is  very  various  (Stannius  in  Müll.  ArcJi.  1847,  p.  452)  ; 
lastly,  the  medulla  is  wholly  absorbed,  and  only  pale  tubes  remain  behind. 
In  the  rabbit  and  pigeon,  according  to  Broivn-Seqiaird,  cut-wounds  even  of 
the  spinal  cord  coalesce,  and  it  can  scarcely  be  doubted  that  the  same  result 
may  take  place  in  man.  Hypertrophy  of  the  nerve-substance  itself  is  not 
known  to  occur,  although  that  of  the  neurilemma  has  been  observed. 
VircJiofi)  observed  a  new  formation  of  fine  nerves  in  pleuritic  and  peritoneal 
adhesions,  and  according  to  him,  the  grey  substance  on  the  walls  of  the 
cerebral  cavities  also  appears  capable  of  being  regenerated.  Virchow  once 
found  an  accidental  formation  of  grey  and  white  nervous  substance  in  an 
ovarian  cyst. 

§  126.  Respecting  the  functions  of  the  nervous  system^  the 
following  remarks,  bearing  more  immediately  on  the  anatomical 
facts,  may  here  suffice.    With  reference  to  the  two  elementary 
constituents  of  the  nervous  system,  anatomical  examination  shows 
that  all  the  parts  of  the  nervous  system,  which  minister  to  its 
higher  functions,  contain  grey  substance  in  greater  or  less  quan- 
tity —  as  the  sympathetic,  the  ganglia  of  the  spinal  and  cerebral 
nerves,  the  cord  and  the  brain  itself  —  while  the  nerves,  acting 
only  as  conducting  media,  contain  only  nerve-tubes.     This  sig- 
nification of  the  grey  substance  being  accepted,  it  may  be  asked 
further,  does  it  present  differences  in  its  structure  as  well  as  in  its 
functions.    With  regard  to  this  point,  it  is  worthy  of  note,  that 
the  largest  ganglionic  globules  exist  in  places  whence  motor  effects 
proceed  —  as  in  the  anterior  horns  of  the  cord  between  the 
fibres  of  the  anterior  roots,  in  the  medulla  oblongata  at  the 
origins  of  the  motor  cerebral  nerves,  in  the  cortical  substance 
of  the  cerebellum,  in  the  pons  Varolii  and  in  the  cerebral  pedun- 
cles —  whilst,  on  the  other  hand,  the  smallest  cells  are  found  in 
the  sensitive  regions,  as  in  the  posterior  horns  of  the  cord, 
the  corpora  restiformia  and  corpora  quadrigemina.    There  does 
not,  however,  appear  to  be  a  constant  relation  between  the  size  of 
the  cells  and  the  sensitive  and  motor  functions,  for  both  kinds  of 
fibres  arise  in  the  ganglia  of  the  cerebro-spinal  nerves  and  of  the 
sympathetic  and  in  the  optic  tlialami ;  in  the  former  from  larger, 
the  latter  from  smaller  cells.    Accordingly,  just  as  in  the  case  of 
the  nerve-tubes,  there  appear  to  be  large  and  small  motor  cells, 
and  also  sensitive  cells  of  various  dimensions ;  a  conclusion  which 
is  confirmed  by  comparative  anatomy,  seeing  that  the  large  bipolar 
cells  in  fish  are  obviously  sensitive.    An  essential  distinction  be- 
tween sensitive  and  motor  cells,  whether  they  be  of  the  same  or 
different  sizes,  cannot  be  demonstrated,  and  any  differences  ob- 
served between  these  two  kinds  of  cells  are  not  greater  than  those 
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between  the  motor  cells  of  different  localities.    Even  the  cells  of 
the  cortical  substances  of  the  cerebrum,  which  physiology  assigns 
as  the  seat  of  the  mental  functions,  exhibit  no  peculiarities,  per- 
ceptible by  any  means  at  our  command.    With  regard  to  the 
nerve-tubes,  anatomy  fails  to  indicate  distinctive  characters  in  them 
in  the  sensient  and  motor  nerves;  a  fact,  however,  which  affords 
no  adequate  reason,  in  physiology,  for  assuming  identity  in  their 
functions.    Of  the  differences  in  thickness  of  the  nerve-fibres,  it 
may  be  remarked,  that  the  manifold  changes  in  diameter  which  all 
the  fibres  of  the  cerebro-spinal  nerves  undergo  in  their  progress,  are 
well  calculated  to  show,  that  these  conditions  have,  in  general,  no- 
thing to  do  with  the  functions  of  the  fibres.  Nevertheless,  I  do  not 
regard  their  differences  of  diameter  as  of  no  importance ;  and  the 
attenuation  of  the  tubes  when  they  pass  through  grey  substance, 
and  their  fineness  as  well  as,  in  many  cases,  the  absence  of  white 
substance  at  their  origins  and  terminations,  appear  to  me  points  of 
no  small  moment.    On  the  assumption  that  the  medullary  sheath 
only  represents  a  protecting  soft  covering  for  the  delicate  central 
fibre,  and  that  the  latter  alone  is  the  active  and  conducting  me- 
dium, it  can  be  easily  comprehended  why  the  dark-bordered  nerve- 
tubes  are  more  readily  stimulated,  wherever  the  medullary  sheath 
is  thin  or  absent,  and  the  central  fibre  lies  more  free  (as  in  the 
nerve- terminations  in  the  eye,  ear,  olfactory  organs,  etc.).  The 
finely  dotted  substance,  which  is  found  so  often  in  the  higher 
central  masses,  and  supporting  the  most  delicate  nerve-tubes  and 
cells,  appears  to  me  to  have  a  similar  protecting  function. 

Of  the  methods  employed  in  investigating  the  nervous  system,  the  chief 
have  been  already  referred  to  in  the  preceding  section,  I  may  here  call  attention 
once  more  to  the  importance  of  chromic  acid  in  examining  the  course  of  the 
fibres  and  the  central  nerve-cells,  and  to  the  great  value  of  diluted  caustic  soda 
in  indicating  the  nerve-tubes  in  transparent  parts  >  The  extreme  proneness  of 
the  grey  and  white  substance  to  undergo  changes,  particularly  the  tearing  off 
of  the  processes  of  the  nerve-cells  and  the  varicosity,  coagulation  and  break- 
ing down  of  the  nerve-tubes  may  be  once  more  insisted  on.  The  brain  and 
cord  are  best  studied  in  man,  as  also  the  elements  of  the  ganglia  ;  but,  on  the 
other  hand,  the  course  of  the  fibres  in  them  and  the  nerve-terminations  are 
best  seen  in  small  mammalia.  To  find  out  the  small  ganglia  in  the  heart, 
Ludwig  recommends  treatment  with  phosphoric  acid  and  solution  of  iodine 
in  hydriodic  acid,  so  diluted  as  to  have  merely  a  brownish  tint.  For  study 
of  the  development,  human  and  mammalian  embryoes  are  very  well  adapted  ; 
but  the  batrachian  larv^,  and,  when  opportunity  offers,  the  electric  organs  of 
the  embryo  of  the  ray,  should  not  be  neglected,  since  in  these  the  relations 
are  by  far  most  obvious. 

Literature.—^.  E.  Purkinje,  in  the  Beport  on  the  Meeting  of  the  German 
Naturalists,  in  Prag,  in  1837,  Prag,  1838,  p- 177  5  and  in  Müll.  Archiv.,  1845, 
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p.  281.  R.Remak  in  Müll.  Archiv.,  1841,  p.  506,  1844,  p.  461  ;  and  lieber  em 
SelbstchuUijes  Darmneri-ensystem,  Berlin,  1847.  J.  F.  Rosenthal,  De  For- 
matione  graimlosa  in  Nervis  aliisque  Partibus  Organismi  animalis.  VratisL, 
1839.  F.  H.  Bidder  and  A.  W.  Yolkmann,  Die  Selbständigkeit  des  Sym- 
pathischen Nervensystems  durch  anatomische  Untersuchungen  nachgewiesen^ 
Leipzig,  1842,  Stillixg,  TJeher  die  Medulla  Oblongata.  Erlangen,  1843, 
Ueber  den  Bau  der  Varolischen  Brüche,  Jena,  1846.  Heue  TJntersiichun- 
gen  über  den  Bau  des  Eiichenmarhs,  1856,  1857.  A.  Kölliker,  Die  Selb- 
ständigheit und  Abhängigkeit  des  Sympathischen  Nervensystems,  durch  anato- 
mische Untersuchungen  beiviesen,  Zürich.,  1%^.  R.  Wagxer,  Ueber  den  innern 
Bau  der  electrischen  Organe  im  Zitterrochen,  Göttingen,  1847,  with  i  plate. 
H.  Staxxius,  Das  perijjherische  Nervensystem  der  Fische,  Rostock,  1849.  J-N. 
CzERMAK  in  Müll.  Arch.,  1849,  P-  '^S'^-  Lockhart  Clarke  in  Phil.  Transact., 
1851 — 1853.  Waller,  Nouvelle  Methode  Anatom,  p.  VInvestig.  de  Syst.  Nerv., 
Bonn,  1852,  4to.;  and  in  Müll,  .-i/r/^.,  1852,  p.  393.  Schiff,  Lieber  d.  Anat. 
Char,  gelähmter  Nerven.,  f.  in  Arch.  f.  Phys.  Ileilk.,  1852,  p.  145.  Lent  in 
Zeit  sehr.  f.  Wiss.  Zool.,  vii.  C.  Axmanx,  Beitr.  z.  mikr.  Anat.  n.  Phys.  d. 
Gangliennervens,  Berlin,  1853.  Remak,  in  ^^-rZ,  Monatsbericlite,\zM^\,  1852  ; 
Ibid.,  Jan.  1 8  54.  A.  Kölliker,  in  Wurzb.  Yerh.  iv.,  p.  64.  E.  H.  Ecker,  De 
Cerebri  et  Med.  Spin.  Syst.  Vas.  Capillari,  Trajecti,  1853.  Bidder  and 
Kupfer,  Unters,  u.  d.  Bückmmark,  1857.  Stilling,  Ueber  den  Bau  d.  Nerven- 
jyrimitivfaser  und  der  Nervenzelle,  1856.  Lenhossek,  Nene  Unters,  u.  d. 
Bau  d.  centr.  Nervensystems,  Wien,  1855,  ^i^cl  tlie  treatises  cited  under  the 
nerves  of  the  separate  organs,  and  in  §  31.  Besides  the  above,  consult  the 
general  vrorks  of  Schwann,  Henle,  Yalentin,  Todd,  Bowman,  Sharpet,  Bruns, 
and  myself,  which  also  contain  figures  ;  the  Dorpat  Dissertations  of  Schilling, 
OwsjANiKOW,  Kupfer,  and  Metzler,  on  the  spinal  marrow  of  different 
auimals  ;  the  yearly  Beports  by  Henle  and  Reichert,  the  very  beautiful 
drawings  in  Ecker's  Icon.  Phys.,  Tabs.  xiii.  and  xiv. 


OF  THE  DIGESTIVE  ORGANS. 


I. — Of  the  Alimentary  Canal. 

§  127.  The  basis  of  tlie  alimentary  canal  is  formed  by  tlie  so- 
called  coats.  The  innermost  of  them,  the  mucous  membrane, 
corresponds  in  structure  to  the  external  skin,  and,  like  this,  has, 
I,  a  non-vascular  covering,  composed  of  cells  —  the  epithelium;  1, 
a  basis  composed  of  connective  and  elastic  tissue,  containing  vessels, 
nerves,  and  different  forms  of  small  glands ;  often,  also,  furnished 
with  special  outgrowths  [ijapillai,  villi),  and  traversed  by  smooth 
muscular  fibres  —  the  mucous  membrane,  strictly  so  called;  and  3, 
a  layer  of  loose  connective  tissue,  situated  externally  —  submucous 
tissue.  The  second  coat,  the  muscular  coat,  contains,  for  a  certain 
extent,  at  the  commencement  and  termination  of  the  tube, 
transversely  striped  muscular  fibres;  in  other  parts,  smooth 
muscular  fibres,  which  elements  mostly  form  two  layers,  an  outer 
with  longitudinal,  and  an  inner  with  circular  fibres,  more  rarely 
three  distinct  layers.  Lastly,  the  third  or  serous  coat  exists  only 
upon  the  part  of  the  alimentary  canal  Avhich  lies  in  the  abdomen 
and  pelvis,  and  is  a  delicate,  translucent,  epitheliated  membrane, 
with  few  vessels  and  nerves,  which  covers  the  tube  and  connects 
it  with  the  walls  of  the  abdominal  cavity  and  with  the  abdominal 
viscera. 


II. — Of  the  Oral  Cavity. 
A.  OF  THE  MUCOUS  J^IEMBRANE  OF  THE  ORAL  CAVITY. 

§  128.  The  commencement  of  the  alimentary  canal  has,  so  to 
speak,  only  one  covering,  the  mucous  membrane,  which  is  more 
or  less  firmly  attached  to  the  bones  and  muscles  bounding  the  oral 
cavity,  and  is  distinguished  especially  by  its  not  inconsiderable 
thickness  and  red  colour,  which  is  due  to  its  copious  supply  of 
blood-vessels,  as  also  by  its  numerous  nerves  and  papillae. 

The  'proper  mucous  membrane,  although  continuously  connected 
at  the  lips  with  the  corium,  and  gradually  passing  into  the  latter, 
is  more  transparent  and  softer  than  the  corium ;  it  is,  nevertheless, 
very  firm  and  also  more  extensible.  It  consists,  like  the  thinnest 
parts  of  the  corium,  of  a  single  layer,  o-i'"  to  o'2"'  in  thickness. 
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and  bears  on  its  outer  surface  a  large  number  of  papillse,  similar  to 
those  of  the  skin,  which  being  generally  simple^  occasionally  also 
bifid  (even  with  several  processes  when  hypertrophied)  ^  and  conical 
or  filiform  in  shape^  are  o'lS'"  in  lengthy  0*04'"  in  breadth,  and  are 
disposed  without  regularity,  and  so  closely  to  one  another,  that 
their  bases  are  almost  in  contact. 

The  suhmucous  tissue  is  of  different  kinds.  Upon  the  floor  of 
the  cavity,  on  the  anterior  surface  of  the  epiglottis,  and^  above  all^ 
on  the  frenula  of  the  lips  and  tongue,  and  the  ligaments  of  the 
larynx^  it  is  thin  and  yielding ;  and  in  these  places^  accordingly^ 
the  mucous  membrane  is  very  moveable  upon  the  parts  beneath. 
Where  glands  occur  in  the  submucous  tissue,  it  is  more  compact, 
as  upon  the  lips  and  cheeks,  or  even,  in  a  manner,  quite  unyielding, 
as  at  the  root  of  the  tongue  and  soft  palate;  and,  at  the  same  time, 
larger  masses  of  fat  make  their  appearance  in  it,  particularly  in 
the  latter  places.  The  submucous  tissue  is  very  firm,  dense,  and 
mostly  whitish  on  the  alveolar  processes  of  the  jaws,  where,  along 
with  the  proper  mucous  membrane  and  the  periosteum,  it  repre- 
sents, so  to  speak,  only  one  mass,  the  gum;  also  upon  the  hard 
palate,  where  the  mucous  membrane  is  connected  with  the  bones, 
by  means  of  an  unyielding,  thick,  fibrous  layer,  which  also  contains 
glands  in  certain  parts ;  lastly,  it  has  a  similar  character  upon  the 
tongue,  wherever  papillae  are  situated.  In  the  last-mentioned 
situation,  the  mucous  membrane  is  most  intimately  connected  with 
the  muscles,  many  muscular  fibres  sending  processes  into  it,  which 
terminate  more  especially  in  a  white,  firm,  and  thick  tendinous 
layer,  lying  immediately  upon  the  upper  longitudinal  muscular 
fibres,  and  called /ascm  Ihigua  (Zaglas). 

With  regard  to  the  intimate  structu7'e  of  the  mucous  membrane 
of  the  oral  cavity,  the  connective  tissue  preponderates  in  the  sub- 
mucous tissue,  whilst  the  proper  mucous  membrane  contains  every- 
where very  numerous,  mostly  fine,  elastic  elements.  Towards  the 
epithelium,  the  meshwork  of  the  connective  fibres  is  most  dense, 
and  finally  passes  into  a  more  structureless  layer,  which  is  equally 
incapable  as  in  the  corium  of  being  demonstrated  as  an  inde- 
pendent membrane.  The  mucous  membrane  also  contains  ordi- 
nary fat-cells,  which  are  found  more  especially  in  the  submucous 
laj^er,  sometimes  in  clusters,  sometimes  more  isolated. 

The  vessels  of  the  mucous  membrane  are  extremely  numerous, 
and  present  essentially  the  same  characters  as  in  the  skin.  The 
smaller  papillce  contain  only  a  single  capillary  loop,  whilst  in  the 
larger,  simple,  or  branched  ones  there  is  a  network  of  capillaries 
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Fig.  109. 


A  simple  papilla,  with  numerous  vessels 
(after  Todd  and  Bowman)  and  epithelium, 
from  the  gum  of  a  child.  Magnified  250 
times. 


(fig.  109),  as,  for  instance,  upon  the  gums,  palate,  the  glandular 
region  of  the  root  of  the  tongue, 
the  lips,  and  the  lower  surface  of 
the  tongue.    The  nerves  are  diffi- 
cult to  investigate.    On  the  addi- 
tion of  caustic   alkalies,  a  wide 
network  of  finer  and  finest  branches 
is  very  obvious  in  the  outer  layers 
of  the  mucous  membrane,  in  which, 
also,  especially  upon  the  anterior 
surface  of  the  epiglottis,  divisions 
of  the  nerve- fibres  can  be  demon- 
strated ;  whilst,  on  the  other  hand, 
it  is  frequently  impossible  to  ob- 
serve even  a  trace  of  nerves  in  the 
papillce.    In  other  cases,  we  per- 
ceive also  these,  and  especially  in 
the  larger  of  them,  one  or  two 
nerve-fibres,  often  having  a  ser- 
pentine course,  0-002'",  diminishing  to    o-ooi2'"   in  diameter, 
without,  however,  being  able  to  ascertain  in  what  mode  they  end. 
On  the  lips,  although  not  in  all  individuals,  the  papillse  contain 
tact-corpuscles,  like  those  of  the  papillse  of  the  hand,  only  smaller. 
I  found  here,  likewise,  Gerher's  nerve-coils.    As  to  the  numerous 
lymphatic  vessels  of  the  membrane  of  the  oral  cavity,  but  little 
is  known  of  their  origin  and  relations  in  the  mucous  membrane 
itself,  still  Sappe Y  has  injected  networks  of  them  in  the  gums  and 
hard  palate  {Anat.  i.  2,  p.  687,  AtL  de  Beau  et  Bonamy,  t.  iii., 
pi.  v.,  fig.  5). 

§  129.  The  Epithelium  of  the  Oral  Cavity  (fig.  109)  is  a  lamel- 
lated  pavement  epithelium,  as  it  is  termed,  which  consists  of  nu- 
merous super-imposed,  roundish,  polygonal,  in  part  flattened  cells. 
Considered  as  a  whole,  this  epithelium  is  a  transparent,  whitish 
membrane,  on  an  average  o'l'"  to  0-2"'  thick,  of  considerable 
flexibility,  but  of  slight  elasticity  and  firmness,  which  can  be 
readily  obtained  in  large  connected  patches  by  macerating  or 
scalding  the  mucous  membrane,  after  the  addition  of  acetic  acid. 
Its  elements  throughout  are  nucleated  cells,  which,  in  their 
arrangement  and  structure,  very  much  resemble  those  of  the 
epidermis ;  yet  they  do  not,  like  the  latter,  admit  of  being  divided 
into  two  sharply  defined  principal  layers,  but  constitute  a  single 
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membrane,  agreeing  more  witli  the  mucous  layer  of  tlie  epidermis, 
altliough,  also,  representing  the  horny  layer.  The  relation  of  the 
cells  from  within  outwards  is  the  following :  —  Immediately  upon 
the  free  surface  of  the  mucous  membrane,  and  upon  the  papillse, 
are  seated  several  layers  of  small  vesicles,  0'004'"  to  0'005"'  in 
diameter  (fig.  109),  of  which  the  deepest  are  almost  invariably 
elongated  and  larger  (o'oo6'"  to  o'oo()"'),  and  disposed  perpendi- 
cularly to  the  mucous  membrane.  Then  follow  many  layers  of 
rounded,  angular,  flattened  cells_,  which  gradually  increase  in  size 
and  flatness  from  within  outwards,  and  continually  assume  more 
and  more  of  a  polygonal  form  (fig.  no,  b).    Most  externally,  we 


Fig.  110. 


Epithelial  cells  in  the  oral  cavity  of  man.    a.  Large;  b.  middle  sized;  c.  the  same  "with 
two  nuclei.    Magnified  350  times. 


find  some  more  layers  of  epithelial  plates  (fig.  no,  a),  as  they  are 
termed,  which  are  gradually  formed  from  the  deeper  cells ;  they 
are  very  large  {o'oi"  to  0'036'"),  rounded,  angular  scales,  in  which 
the  process  of  flattening  has  so  far  advanced,  that  they  can  no 
longer  be  properly  called  vesicles. 

All  these  cells  have  a  thick  cell-membrane,  which  is  readily 
demonstrable  by  alkalies  and  acetic  acid,  and  contain,  according  to 
the  degree  of  flattening,  a  larger  or  smaller  amount  of  clear 
contents,  frequently  with  some  fat-granules,  and  invariably  a  cell- 
nucleus.  In  the  smallest  cells,  the  nuclei  measure  0*002'"  to 
0  003'",  are  elongated  or  round,  and  mostly  without  a  distinct 
nucleolus ;  in  the  polygonal  cells,  there  are  invariably  found  one  or 
two  very  beautiful,  distinctly  vesicular,  mostly  spherical  nuclei^  of 
0*004  "  0  006'"  in  size,  with  clear  contents  and  one  or  two  nu- 
cleolL  In  the  plates,  finally,  the  nuclei  enter  upon  a  retrogressive 
process,  have  become  smaller  again,  0*004'"  to  0*005"'  length, 
0*002"'  to  0*0015"'  in  breadth,  are  mostly  flattened  and  more 
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homogeDeous,  and  contain  no  distinct  cavity  or  nucleolus;  or, 
instead  of  tlie  latter,  merely  some  granules.  In  its  chemical  con- 
stitution, the  pavement  epithelium  of  the  oral  cavity  agrees,  as  far 
as  is  known,  in  all  essential  points  with  the  mucous  layer  and  the 
lowermost  strata  of  the  horny  layer  of  the  epidermis,  and  particu- 
larly in  this  respect,  that  even  the  plates  readily  swell  up  in  alkalies, 
on  which  account  we  refer  the  reader  to  §  47. 

The  epithelium  of  the  oral  cavity  is,  so  to  speak,  subject  to  a  constant 
desquamation,  which,  however,  appears  to  depend  as  httle  here  as  in  the 
epidermis  on  special  vital  conditions  of  the  mucous  membrane  of  the  epi- 
thelial cells,  but  is  rather  the  consequence  of  the  various  mechanical  influ- 
ences to  which  the  oral  membrane  is  subject  in  mastication  and  in  speaking. 
The  regeneration  of  the  ceUs  goes  on  in  the  deeper  portions  as  in  the 
epidermis. 

The  epithehum  of  the  oral  cavity,  although  thick,  is  readily  permeated  by 
fluids,  and  is,  in  this  respect,  essentially  distinguished  from  the  epidermis, 
which  presents  similar  relations  only  in  its  mucous  layer. 

Of  the  Tongue. 

§  130.  The  To7igue  is  a  muscular  mass  attached  to  a  special 
"bone— the  hyoid  bone— and  covered  by  the  mucous  membrane  of 
the  oral  cavity.  Its  constituent  fibres,  0-009"' to  0-023"'  in  breadth, 
are  distinguished  from  those  of  the  extrinsic  transversely  striped 
muscles  by  their  being  variously  interwoven,  so  that  the  well- 
known  lingual  muscles  cannot  be  demonstrated  as  separate  organs 
in  the  interior  of  the  tongue,  but  only  as  secondary  bundles  and 
as  muscular  fibres. 

The  two  genio-glossi,  the  miisculus  transversiis  lingucB,  and  the 
fibro-cartilage  of  the  tongue,  form,  to  a  certain  extent,  the  frame- 
work of  the  organ.  The  fibro-cartilage,  also  called  lingual  cartilage, 
is  a  dense,  whitish-yellow,  fibrous  plate,  placed  vertically  in  the 
middle  of  the  tongue  between  the  two  genio-glossi ;  it  extends  the 
whole  length  of  the  organ,  but  scarcely  deserves  the  name  be- 
stowed upon  it,  since  it  is  composed  of  ordinary  tendinous  or 
ligamentous  tissue.  It  begins  at  the  hyoid  bone,  in  connection 
with  a  broad  fibrous  lamella,  memhrana  hyo-glossa  (Blandin), 
which  passes  from  the  hyoid  bone  to  the  root  of  the  tongue,  and 
covers  the  end  of  the  genio-glossus ;  it  then  very  soon  reaches  the 
same  height  as  the  musculus  transversus,  and  gradually  decreases 
at  the  anterior  third  of  the  tongue  towards  the  apex,  where  it 
disappears.  The  septum  lingiice,  as  this  fibrous  mass,  0-12"'  thick, 
is  best  called,  reaches  upwards  as  far  as  il'"  or  t!"  distance  from 
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the  dorsum  of  the  tongue  downwards  to  the  part  where  the  genio- 
glossi  are  lost  m  the  lingual  substance ;  it  does  not,  however,  end 
here  with  a  sharp  border,  but  is  directly  connected  with  the  peri- 
mysium between  the  two  genio-glossi  muscles.  At  either  side  of 
this  dissepiment,  the  genio-glossi  spread  out  in  a  fan-shaped  man- 
ner into  the  tongue  (fig.  in),  so  that  they  occupy  the  middle  of 
the  organ  from  the  apex  to  the  root,  and  form  a  long,  moderately 
broad,  fleshy  mass,  which,  ho\iiever,  is  anything  but  compact.  That 
is  to  say,  the  genio-glossi,  arrived  in  the  tongue  itself,  divide  on 
either  side,  from  the  lower  border  of  the  lingual  septum,  where 
some  of  their  bundles  decussate,  into  a  large  number  of  lamellce, 
lying  behind  each  other,  which,  at  short  distances  from  each  other, 
and  separated  by  the  transverse  muscular  fibres  of  the  tongue, 
run  to  the  dorsum ;  the  most  of  them  perpendicularly,  but  some 
of  them  curved  forwards  or  backwards.  The  fibres  of  the  genio- 
glossus,  thus  parted  into  separate  laminse,  which  are  on  an  average 


0'o6'''  to  o'\6^"  thick,  extend  as  far  the 


lingucB,  and  then 


7i'.  /ill-,  q'. 

\      1  1 


alter  their  relation,  and  generally  in  such  a  manner,  that  they  now 
form  lamellae  extending  from  before  backwards.  Whilst  previously, 
the  genio-glossi  were  divided  into  transverse  lamellae  by  the  separate 
layers  of  tlie  trans verstis,  they  now  become  divided  in  the  Ion- 
Fig- 1 11  •  gitudinal  direction, 

by  the  interposition 
of  bundles  of  the 
upper  longitudinal 
muscle  of  the 
tongue.  These  per- 
pendicular and  lon- 
gitudinal laminae  are 
very  distinct  in  the 
two  anterior  thirds 
of  the  tongue,  less 
so  in  the  region  of 
the  papilloB  circum- 
vallatce,  where  espe- 
cially in  the  middle 
of  the  tongue,  the 
genio  -  glossus  ap- 
proaches the  mu- 
cous membrane  more  in  form  of  isolated  fasciculi ;  lastly  they 
are  not  all  demonstrable  at  the  root  of  the  tongue.  The  genio- 
glossus  terminates  at  the  upper  surface  of  the  tongue,  by  its 


Transverse  section  of  the  human  tongue,  a  little  in  front  of  the 

papilla  circumvallatce  ;  g.  genio-glossus  ;  li.  longitudincdis  infe- 
rior (lingualis)  v,'\lh  the  arteria  rmiina  ;  tr.  tramvirsus,  visible 
ir  its  whole  extent  on  the  right  side,  on  the  left  only  at  the  edge 
and  between  the  divaricating  bundles  of  the  genio-glossus  \  g.  ter- 
mination of  the  genio-glossus  upon  the  mucous  membrane  ;  h.  ter- 
mina  ion  of  the  hyo-glossus ;  Is.  longitudinalif:  siqxrior  with  üi\t 
bundles  interposed  between  the  perpendicular  fibres ;  d.  glands  of 
the  ma;  gin  of  the  tongue  ;  st.gl.  stylo-glossus. 


SECT.  130.] 


THE  TONGUE. 


271 


bundles  being  continued  in  groups,  immediately  under  tlie  mucous 
membrane,  into  small  tendinous  stripes  of  connective  tissue,  wliicli 
are  then  in  part  lost  in  the  lower  very  firm  layer  of  tbe  mucous 
membrane,  afterwards  to  be  described,  and  in  part  run  as  far  as 
the  bases  of  the  papillce.  At  the  root  of  the  tongue,  the^  genio- 
glossus  does  not  extend  as  far  as  the  mucous  membrane,  which  can 
here  be  readily  dissected  with  its  mucous  follicles  from  the  deeper 
racemose  glands,  but  ends  upon  and  between  the  latter,  connect- 
ing itself,  here  also  by  tendinous  stripes,  either  to  the  glands  or  to 
a  dense  fibrous  tissue  lying  between  them ;  it  also  sends  a  small 
bundle  to  the  epiglottis  [levator  epiglottidis  Morgagni),  perhaps 
also  to  the  lesser  cornu  and  body  of  the  hyoid  bone,  and  a  second 
somewhat  larger  [glosso-pharyngeas)  to  the  superior  constrictor  of 
the  pharynx. 

The  transverse  muscle,  i.  e.,  the  transverse  fibres  of  the  tongue, 
consists  of  very  numerous  lamellae  belonging  separately  to  each 
half  of  the  tongue,  which  dip  in,  very  regularly,  between  the 
transverse  laminae  of  the  genio-glossus,  and  are  to  be  found  in  all 
parts  of  the  tongue.  Each  lamella  is  o'l'''  to  o'i6'''  thick,  in  the 
middle  of  the  tongue  |  of  an  inch  deep,  being  generally  disposed 
perpendicularly,  and  its  fibres  extending  from  the  septum  linguae 
to  the  lateral  margin.  These  lamellss  might  be  said  to  begin 
directly  from  the  surface  of  the  septum  in  its  entire  depth,  still 
they  arise  through  means  of  a  small  quantity  of  tendinous  tissue 
which  is  transversely  arranged  and  distinguished  from  the  longi- 
tudinal fibres  of  the  septum,  and,  being  united  in  the  form  of 
small,  flat  bundles,  proceed,  at  first,  directly  outwards.  In 
their  further  course  they  bend  upwards,  the  uppermost,  shortest 
fibres  extending  to  the  lateral  parts  of  the  dorsum,  the  lower, 
longer  fibres  reaching  the  proper  border  of  the  tongue,  where  they 
are  likewise  inserted  into  the  mucous  membrane  by  means  of 
short  bundles  of  connective  tissue.  The  remaining  lingual 
muscles  form,  in  a  certain  measure,  the  investment  of  the  tongue, 
and  in  their  course,  partly  join  the  above-mentioned,  partly 
pursue  special  directions. 

The  hyo-glossus  [basio-  and  cerato-glossus  of  authors)  presents 
nearly  the  same  relations  at  the  lateral  parts  of  the  tongue  as 
the  genio-glossus  in  the  middle.  That  is  to  say,  arrived  at  the 
lower  surface  of  the  lingual  border,  its  thicker  bundles  divide  into 
a  larger  number  of  thin  transverse  lamellse,  which,  curving  more 
or  less  upwards,  slip  in  between  the  lamellae  of  the  transverse 
muscle,  and  in  their  further  course  present  exactly  the  same 
arrangement   as   the   lamellae    of  the   genio-glossus,    to  which 
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they  adjoin  externally,  except  that,  during  the  ascent  to  the 
dorsum  of  the  tongue,  their  fibres  proceed  obliquely  inwards, 
with  a  slightly  curved  course.  At  the  dorsum  of  the  tongue,  the 
hyo-glossus  lies  betw^een  the  genio-glossus  and  the  upper  border  of 
the  transversus,  forms,  like  the  former,  longitudinal  laminss  Avith 
perpendicularly  arranged  fibres,  between  which  the  fibres  of  the 
upper  longitudinal  muscle  lie,  and  then,  terminates  likewise  at  the 
mucous  membrane.  This  expansion  of  the  hyo-glossus  is  thickest 
and  most  distinct  in  the  middle  of  the  tongue;  posteriorly  it 
becomes  less  distinct,  in  as  much  as  the  lamellae  of  the  cerato- 
glossus  are  here  very  delicate,  and  are  also  more  horizontally 
arranged ;  still,  even  here,  the  lamellae  are  interposed  between 
those  of  the  transverse  muscle,  and  terminate  at  the  dorsum  of 
the  tongue. 

The  stylo-glossus  (fig.  iiS,  st,  gl)  usually  divides  into  two  bundles, 
w^hich  present  entirely  different  relations.  The  posterior  smaller 
bundle  proceeds  directly  inwards  between  the  cerato-glossus  and 
basio-glossus,  and  between  the  fasciculi  of  the  latter,  and  penetrates 
in  separate  bundles  between  the  lamellse  of  the  lingualis  and  genio- 
glossus  as  far  as  the  septum  linguoe,  where  at  the  same  time  it  be- 
comes attached  to  the  fibres  of  the  transverse  muscle  lying  some- 
what higher.  The  main  part  of  the  stylo-glossus  runs  inwards  and 
downwards  at  the  border  of  the  tongue,  is  connected  with  the 
lingualis  iiiferior  in  front  of  the  hyo-glossus^  and  terminates  in  the 
mucous  membrane  of  the  lower  surface  near  the  tip  of  the  tongue, 
and  in  that  of  the  tip  itself,  the  most  anterior  bundles  of  both 
muscles  uniting  in  an  arched  manner. 

The  lingualis  of  authors,  which  I  will  call  lingualis  or  longitudi- 
nalis  inferior  (fig,  118,  /  ^),  is  a  tolerably  thick  longitudinal  bundle, 
situated  between  the  genio-glossus  and  hyo-glossus  at  the  lower 
surface  of  the  tongue,  whose  commencement  and  termination 
cannot  be  readily  ascertained.  At  first  sight,  the  posterior  part 
of  the  lingualis  inferior  appears  to  be  lost  in  the  form  of  numerous 
superimposed  fllat  bundles  betw^een  the  transverse  fibres  of  the 
genio-glossus  {glosso-pharyngeus) ,  the  stylo-glossus  and  transversus 
at  the  root  of  the  tongue ;  when  more  narrowly  traced,  however, 
it  is  seen  that,  like  the  most  posterior  parts  of  the  genio-glossus,  it 
divides  into  numerous  laminse,  which  ascend  in  a  slightly  arched 
manner  between  the  transverse  fibres  as  far  as  the  outer  part  of 
the  glandular  layer  of  the  root  of  the  tongue,  and  then,  like  the 
lamellse  of  the  genio-glossus  situated  internally  to  them,  terminates 
upon  the  latter.  Anteriorly,  the  lingualis  inferior  is  connected 
with  the  thicker  fasciculi  of  the  stylo-glossus,  and  ends  with  the 


SECT.  130.] 


THE  TONGUE. 


latter  at  the  tip  of  the  tongue ;  but^  joining  the  Jiyo-glossus  ante- 
riorly, it  also  proceeds  in  the  form  of  numerous  delicate  lamellae 
between  the  transverse  as  far  as  the  dorsum  of  the  tongue^  in 
order,  in  short,  to  present  the  same  relations  at  the  border  of  the 
anterior  third  of  the  tongue,  as  the  hyo-glossus  further  backwards. 

Lastly,  there  exists  in  man  also  a  lo7igitudinalis  or  Ungiialis 
superior  and  independent  perpendicular  fibres.  The  longitudinalis 
superior  (fig.  1 1 8,  ^  5)  exhibits  a  longitudinal  layer  of  fibres  situated 
between  the  uppermost  fibres  of  the  transversus  and  the  mucous 
membrane,  occupying  the  entire  length  and  breadth  of  the  tongue, 
and  arising  from  the  chondro-glossiis,  which  has  been  incorrectly 
understood  by  most  anatomists.  The  latter  arises  from  the  small 
horn  of  the  hyoid  bone  as  a  moderately  thick  bundle,  which  is 
separated  from  the  hasio-  and  cerato-glossus  by  the  lingual  artery 
and  the  glosso-pharyngeus ;  it  passes  forwards  beneath  the  deeper 
layer  of  glands  of  the  root  of  the  tongue,  and  in  part  through  the 
midst  of  the  terminations  of  the  genio-glossus  and  lingualis  in- 
ferior; occupies,  somewhat  in  front  of  the  papillce  circumvallatcB, 
almost  the  entire  half  of  the  tongue,  and  runs  forwards  immedi- 
ately beneath  the  mucous  membrane,  between  the  extreinities  of 
the  genio-glossi  and  hyo-glossi  as  far  as  the  tip  of  the  tongue,  in 
the  form  of  slender  longitudinal  laminae,  which  are  occasionally 
united  with  each  other  at  acute  angles,  to  be  lost  in  the  skin  of 
the  upper  surface.  Since  these  longitudinal  fibres  become  thicker 
anteriorly,  it  is  probable  that  they  are  joined  by  other  independent 
superior  fibres,  which  arise  from,  and  terminate  upon,  the  mucous 
membrane  of  the  dorsum.  I  find  perpendicular  fibres,  which  do 
not  arise  from  without,  only  in  the  apex,  where  they  extend  in 
form  of  delicate  bundles  between  the  upper  and  lower  mucous 
membrane.  The  most  anterior  part  of  the  transversus  passes  with 
its  laminae  through  the  inner  part  of  these  bundles,  whilst  their 
extremities  are  pretty  regularly  traversed  by  the  longitudinalis 
superior  and  inferior  and  stylo-glossus,  so  that,  upon  a  transverse 
section,  there  appears  an  alternation  of  perpendicular  and  longi- 
tudinal fibres,  similar  to  that  which  is  represented  in  fig.  118, 
from  the  dorsum  of  the  tongue. 

It  may  still  be  mentioned,  that  the  glosso-palatinus  is  partly 
lost  in  the  mucous  membrane  of  the  lateral  border  of  the  tongue 
along  with  the  cerato-glossus,  and  partly  appears  to  join  the  larger 
bundles  of  the  stylo-glossus. 

If  after  this  description  of  the  several  extrinsic,  as  well  as 
intrinsic,  muscles  of  the  tongue,  we  cast  a  glance  at  the  general 
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structure  of  the  organ,  it  is  seen  that  the  proper  lingual  substance 
possesses  essentially  only  three  orders  of  muscular  fibres,  which 
may  be  designated  perpendicular,  transverse  and  longitudinal. 
The  perpendicular  fibres  come  from  the  genio-glossus  in  the 
middle,  from  the  lingualis  and  hyo-glossus  laterally,  at  the  apex 
also  from  the  perpendicularis,  and  form,  from  the  tip  to  the  root,  a 
large  number  of  transverse  lamellae,  occupying  nearly  the  breadth 
of  the  two  halves  of  the  tongue,  and  whose  fibres  generally  pass 
perpendicularly  from  the  under  surface  to  the  upper.  The  trans- 
verse fibres  of  the  transversus,  and,  in  part,  of  the  stylo-glossus,  are 
interposed  as  somewhat  thicker  lamellae  between  the  above-men- 
tioned, beginning  at  the  septum  and  terminating  at  the  lateral 
border  and  in  part  at  the  surface.  Lastly,  the  longitudiyial  fibres 
belong  to  the  lingualis  superior  (chondro-glossus) ,  the  lingualis 
inferior  and  stylo-glossus ;  they  cover  the  upper  surface,  the  border 
and  part  of  the  lower  surface,  and  mostly  he  immediately  beneath 
the  mucous  membrane.  The  individual  muscular  layers  of  the 
tongue  are  invariably  separated  from  each  other  by  a  thin  perimy- 
sium, and  partly,  where  larger  vessels  and  nerves  exist,  by  thicker 
Fig.  112.  layers  of  areolar  tissue;  in  their  interstices, 

moreover,  they  contain,  in  many  places,  a 
larger  or  smaller  number  of  fat-cells,  which 
accumulate  in  considerable  numbers,  espe- 
cially between  the  genio-glossi,  at  the  septum, 
at  the  root  of  the  tongue,  and  beneath  the 
mucous  membrane. 

In  the  tongue  of  the  frog,  there  exist,  as  first 
described  by  Dr.  Waller,  very  beautiful  divisions  of 
the  transversely  striped  fibres  (fig.  119).  Although 
I  have  not  been  able  to  discover  with  certainty  any- 
thing of  the  kind  in  the  human  tongue,  still  it  has 
appeared  to  me  occasionally,  as  if  some  of  the 
fibres  of  the  genio-glossus  divide,  shortly  before 
their  transition  into  the  tendinous  bands.  The 
muscles  of  the  tongue  of  the  frog  terminate  in  the 
mucous  membrane  and  in  the  papillae. 

§  131.  The  mucous  membrane  on  the 
dorsum  of  the  tongue,  from  the  foramen 
ccECum  to  the  tip,  deviates  from  the  remain- 
ing mucous  membrane  of  the  oral  cavity  in 
this  respect,  that  it  is  very  firmly  connected 
with  the  muscular  substance,  and  is  covered  with  numerous  pro- 


A  branch  of  primitive  mus- 
cular fibre  of  0-018'"  from  the 
tongue  of  the  frog.  Magnified 
350  times. 
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minences,  tlie  well-known  lingual  and  taste-papillce^  the  general 
form  and  arrangement  of  which  are  described  in  every  anatomical 
work.  Besides  these  prominent  and  obvious  papillse,  there  exist 
over  all  the  gustatory  region  of  the  tongue  other  smaller  ones, 
which  are  completely  buried  in  the  epithelium,  and  which  entirely 
agree  with  those  of  the  non-gustatory  regions  of  the  organ. 

In  its  intimate  structure,  the  part  of  the  mucous  membrane  of 
the  tongue  which  is  destitute  of  prominent  papillae,  agrees  in  all 
respects  with  that  of  the  oral  cavity  generally,  which  has  been 
already  described. 

With  regard  to  the  papillse,  the  papilla  filiformes  or  coniccs  (fig^ 

120)  are  conical,  firm  projections  of  the  mucous  membrane,  pro- 
Fig.  113. 


Two  papillge  filiformes  of  man,  one  with  its  epithelium  magnified  35  times.  After  Todd 
and  Boioman.  p.  the  papillfe  themselves ;  a  v.  arterial  and  venous  vessels  of  one  papilla, 
together  with  the  capillary  loops,  which,  however  ought  to  enter  the  secondary  papillae. 

vided  with  numerous  elastic  fibrils,  and  beset  at  the  extremities 
only,  or  upon  their  entire  surface,  with  a  certain  number  (5  to  20) 
of  smaller  papillae,  o-i'"  to  0-14"'  in  length.  The  papilla  is 
entirely  covered  by  a  tolerable  thick  coating  of  epithelium,  which 
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at  the  end  splits  up  into  a  number  of  long  and  slender  (o-oi''"  to 
0-02'"),  sometimes  sub-divided  processes,  witli  cornified  cells,  giving 
to  tbe  whole  the  appearance  of  a  fine  brush,  and  measuring  up  to 
0-5'^  0'6''\  O'i"  in  length,  and  0-02'"  to  0-028'"  in  breadth  at 
their  bases.  In  each  papilla,  a  small  artery  ramifies,  and  in 
such  a  manner,  that  each  simple  secondary  papilla  contains  a 
capillary  loop,  from  which  a  small  venous  vessel  returns.  The 
nerves,  which  are  not  always  readily  found,  present  one  or  two 
small  trunks  with  from  5  to  10  dark-bordered  primitive  fibres  of 
0-002'"  to  0-003'",  which  are  withdrawn  from  view  at  the  base  of 
the  simple  papillae,  and  terminate  in  a  manner  not  as  yet  exactly 
ascertained. 

The  'pa^ill(2  fungiformes  are  formed  of  a  club-shaped  process  of 
the  mucous  membrane,  which  is  thickly  beset  on  its  whole  surface 
with  simple  conical  papilla  of  O'l'"  to  0-12'"  in  length,  and  covered 
by  a  simple  epithehum,  like  that  which  occurs  elsewhere  in  the 
oral  cavity,  and  lüithout  cornified  cells  and  filiform  processes,  which 
when  measured  from  the  apices  of  the  papillse,  possesses  a  thick- 
ness of  0-04"'  to  0-05'".    The  papilla  contains  much  less  elastic 
tissue  than  the  papilla  filiformes,  and  the  simple  secondary 
papilla  contain  scarcely  any ;  but  on  the  other  hand,  there  is  a 
very  distinct  mesh-work  of  connective  tissue  in  bundles,  0-002'''  to 
0-003'"  in  diameter.    The  vessels  present  the  same  characters  as  in 
the  filiformes,  only  they  are  much  more  numerous ;  and  with  re- 
gard to  the  nerves,  one  or  two  thicker  trunks,  0-04"' to  o-o8"',  and 
several  thinner  filaments  pass  into  each  fungiform  papilla,  in  which, 
branching  in  form  of  tufts  and  variously  anastomosing,  they  finally 
separate  from  each  other,  and  pass  in  all  directions  towards  the 
simple  secondary  papillse  and  their  touch-bodies.  The  terminations 
of  these  nerves  at  the  base  of  the  simple  papillse  measure  only 
0-001'"  to  0  0015"',  and  they  appear  to  end  by  means  of  free  pale 
processes. 

In  the  papillce  cir- 
cumvallatce  (fig.  I2t), 
the  papilla,  which 
might  be  regarded  as 
a  fungiform  papilla 
pressed  flat,  is  closely 
beset  on  its  flat  ter- 
minal    surface  with 

Papilla  circumvallata  of  man  in  section.  A.  Proper  papilla ;   simple  COUical  SCCOud- 
B.  wall  ;  a.  epithelium  ;  b.  secondary  papilL^  ;  b  b.  nerves  of  the  v^m^iHa:.     and  CO- 

papülEe  and  the  wall.   Magnified  about  10  times.  aiy    papUiae^    dUU  cu 
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vered  by  an  uniformly  thick  epithelial  covering.  The  surrounding 
wall  appears  a  simple  elevation  of  the  mucous  membrane,  and 
presents,  beneath  the  epithehal  covering  on  its  summit,  several 
series  of  simple  conical  papillae.  There  is  generally  no  elastic 
tissue  in  these  papillse;  in  other  respects,  they  agree  with  the /impfz- 
formes,  only  they  are  still  richer  in  nerves. 

Each  proper  papilla  clrcumvallata  contains,  in  its  lowermost 
parts,  several  nerve^runks  of  0-05'"  to  O'oS'"  in  diameter,  which 
higher  up  are  resolved  into  a  very  beautiful  plexus,  from  which 
the  nerves  of  the  simple  secondary  papillse  proceed,  radiating  in 
all  directions.  The  other  conditions  of  the  circumvallata  are  the 
same  as  in  the  fimgiformes,  only  the  nerve-tubes,  even  in  the 
trunks,  do  not  measure  on  an  average  more  than  o'ooa'",  and 
scarcely  more  than  0-003"',  whilst  at  the  bases  of  the  papillae  they 
are  only  o'ooi'^'  to  o"Ooi5"'  in  diameter.  In  the  walls  surrounding 
these  papillae,  there  are  likewise  numerous  nerves,  of  which  the  more 
intimate  distribution  appears  to  be  quite  the  same  as  in  the  papillse. 

According  to  Sappey,  the  lymphatics  of  the  tongue  form  a  very 
dense  net-work  in  the  mucous  membrane,  especially  of  the  upper 
surface,  where  they  surround  the  individual  papillae,  and  even  form 
a  perfect  net-work  of  delicate  vessels  in  the  papilla  superficial  to 
that  of  the  blood-vessels. 

The  papillse  of  the  tongue  exhibit  manifold  variations,  among  which  the 
following  are  the  most  important :  i.  The  pa]}%llm  filiformes  may  te  all  un- 
usually long,  and  furnished  with  epithelial  processes  of  very  considerable 
length.  That  condition  of  the  tongue,  which  is  commonly  called  'coated,' 
chiefly  depends  upon  the  luxuriant  growth  of  the  epithelial  processes  of  the 
pajjillfBßliformcs,  all  of  which,  directed  backwards,  and  apparently  lying  upon 
each  other,  form  a  special  white  covering.  If  the  processes  become  still 
longer,  so  that  the  jMinllfB  JiliJ'ormes  measure  1^"'  to  2"',  a  lingua  hirsuta  or 
villosa  is  produced,  which  is  likewise  not  unfrequently  seen  in  different 
diseases,  and  can  at  length  assume  forms  which  make  the  tongue  appear  as 
if  it  were  beset  with  hairs  4"' to  6"'  long.  2.  Iheßliform  papillce  may  liave  very 
small  epithelial  processes  or  none  at  all,  and  are  scarcely  distinguishable  from 
the  secondary  papillse  of  the  svadXlev fungi  formes.  3.  The ßliformpapillcB  may 
not  exist  as  special  projections,  lut  buried  in  the  common  einthelial  covering 
of  the  dorstim  of  the  tongue.  It  occasionally  happens,  especially  in  old  people, 
that  the  tongue,  without  being  coated,  presents  at  particular  spots  or  over 
larger  surfaces,  no  papillse,  but  exhibits  either  a  perfectly  smooth  surface,  or 
only  linear  processes,  which  correspond  to  the  usual  rows  of  papillse.  Here 
the  epithelium  is  more  developed,  and  smaller  papilloe,  presenting  more  the 
usual  form,  lie  deeply  under  it.  In  other  instances,  the  tongue,  even  when 
the  papillse  are  properly  developed,  may  present  a  smooth  surface,  caused  by 
the  papillse  being  glued  together  by  exuberant  epithelium,  mucus,  blood,  pus- 
corpuscles,  ferment-fungi,  mould,  etc.,  which  makes  the  surface  perfectly 
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smooth,  or,  perhaps,  only  more  or  less  broken  by  cracks.  4.  The  epithelial 
processes  of  the  ßliform  2M2nll(S  are  leset  with  fungi  {Leptothrix  buccalis, 
Rohin).  Every  microscopist  is,  probably,  acquainted  with  brownish  elongated 
(o-i2"'  to  0-24.'"  long,  0*04'"  to  o-o8"'  broad)  bodies  (fig.  122)  occurring  on  the 

Fig.  115. 


A  collection  of  epithelial  cells,  a.  covered  \>j  the  granular  matrix  of  the  fungas,  5,  from 
wliich  luxuriantly  growing  fungi  (c)  proceed.    Magnified  350  times,  from  man. 

coat  of  the  tongue,  and  which  consist  of  a  dark  axis  and  of  a  finely  granular 
cortex.  It  is  only  the  central  part  of  this  structure  which  is  composed  of 
cornified  epithelial  plates,  which  come  from  the  epithelial  processes  of  the 
filiform  papillas  ;  the  granular  cortex,  on  the  other  hand,  is  nothing  else  than 
the  matrix  of  a  fihform  fungus  with  filaments  of  only  o"ooo6"'  in  breadth,  which 
take  root  in  it,  often  in  enormous  quantities. 

Respecting  the  physiology  of  the  papillse  of  the  tongue,  the  following  may 
be  gathered  from  the  anatomical  data  given  above.  The  fihform  papillse  are 
neither  organs  of  taste,  nor  fine  organs  of  touch,  since  their  thick,  and  what 
I  am  disposed  to  lay  more  stress  upon,  cornified  epithehum  is  but  little 
adapted  to  allow  of  the  passage  of  fluids  capable  of  being  tasted,  or  to  con- 
duct other  impressions  to  the  scantily  provided  nerves,  which  extend  only  as 
far  as  the  base  of  the  simple  papillse.  With  Todd  and  Bowman,  I  consider 
the  Jil formes  as  allied  in  their  functions  to  the  tongue-spines  of  animals, 
which  are  merely  modified  pa'pillceßliformes,  and  am  accordingly  disposed 
to  regard  them  as  serving  more  or  less  for  acting  mechanically  on  the  food, 
whilst  their  epithelium  is  a  protective  coating  for  the  tongue. 

The  two  other  kinds  of  papillse  are  subservient  to  the  taste,  and  are,  more- 
over, the  seat  of  common  sensation  (for  mechanical  stimuli,  heat  and  cold, 
etc.),  for  which  functions  they  are  excellently  fitted  by  their  thin,  soft  epi- 
thelium, the  softness  of  the  tissue  of  their  papillse,  and  the  superficial 
position  (in  the  secondary  papillse)  and  large  mmiber  of  their  nerves.  Micro- 
scopical ganglia  occur  on  the  branches  of  the  glosso-pharyngem  and  lingualis 
in  the  tongue,  although  it  has  not  yet  been  ascertained  whether  they  are 
concerned  in  the  sensations  of  the  tongue,  or  in  the  secretion  of  its  glands. 
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Or  THE  Glands  of  the  Oral  Cavity. 

L— MUCOUS  GLANDS. 

§  132.  The  mucous  glands  of  the  oral  cavity  are  yellowish  or 
whitish  racemose  glands,  mostly  of  a  rounded  form,  and  with  a 
botryoidal  surface.  They  measure  to  2'"  in  magnitude,  and 
being  generally  situated  immediately  beneath  or  on  the  attached 
surface  of  the  mucous  membrane,  open  by  short  straight  excretory 
ducts  into  the  oral  cavity,  and  furnish  a  mucous  secretion.  They 
present  somewhat  different  characters  according  to  situation,  and 
are  also  designated  with  different  names. 

1.  The  labial  glands  lie  between  the  muscular  layer  and  the 
mucous  membrane  in  large  numbers;  they  are  I'"  to  il'"  in  size, 
and  form  around  the  opening  of  the  mouth  an  almost  continuous 
glandular  ring,  which  begins  at  a  distance  of  3'"  from  the  red 
border  of  the  lip,  and  is  about  ^"  in  breadth. 

2.  The  huccal  glands  are  tolerably  numerous  but  smaller,  and 
are  situated  further  outwards,  covered  by  the  buccinator.  Some 
larger  glands  are  found  upon  the  buccinator,  at  the  opening  of  the 
parotid  duct,  and  still  further  backwards,  in  the  region  of  the  last 
molar  tooth  {glandulce  molares). 

3.  T^he  palatine  glands.— Tho^e  of  the  hard  palate  are  smaller, 
and  scarcely  extend  to  the  anterior  half;  whilst,  on  the  contrary, 
the  glands  on  the  under  side  of  the  soft  palate  form  a  thick  glan- 
dular layer,  which  is  to  ^  thick  anteriorly,  but  decreases 
somewhat  towards  the  free  border  and  the  uvula.  Glands  are  also 
present  upon  the  posterior  surface  of  the  soft  palate,  but  they  are 
much  smaller,  and  do  not  form  a  continuous  layer. 

4.  The  glands  of  the  tongue  (glandulce  linguales)  —These  I  dis- 
tinguish into  —  ^  .  n 

a.  The  mucous  glands  of  the  roo^.-They  partly  form  a  very 
thick  stratum  of  glands,  of  T  to  2^,  situated  beneath  the  simple 
mucous  follicles  of  the  root  of  the  tongue,  to  be  afterwards  de- 
scribed, and  the  papillce  circumvallat^.  In  the  former  situation, 
this  glandular  layer  reaches  a  thickness  of  and  extends 

almost  continuously  from  one  tonsil  to  the  other.  In  front  of 
the  foramen  c(Ecum  these  glands  are  smaller  and  more  scanty, 
still  a  few  are  met  with,  even  in  front  of  the  most  anterior  papillcB 
circumvallatce,  more  or  less  deeply  buried  in  the  muscular  sub- 
stance, but  never  in  the  anterior  half  of  the  tongue.  These 
glands  are  traversed  by  the  terminations  of  the  genio-glossus,  and, 
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in  part,  connected  with  tliem ;  the  excretory  ducts,  which  proceed 
from  those  situated  posteriorly,  are  as  much  as  in  length,  and 
open  partly  on  the  surface,  partly  by  funnel-shaped  orifices,  into 
the  simple  mucous  follicles  at  the  root  of  the  tongue. 

h.  The  marginal  glands  of  the  root. — Upon  the  borders  of  the 
root  of  the  tongue  there  are  found,  on  a  level  with  the  papillce  cir- 
cumvallatoi,  several  of  the  before-mentioned  perpendicular  lamel- 
lated  folds,  and  between  them  fine  openings,  which  belong  to  a 
special  smaller  group  of  glands  lying  in  the  midst  of  the  expansion 
of  the  Iigo-glossus  and  trans  vers  us.  In  the  mammalians,  these 
glands,  as  also  the  folds  in  question  {Mayers  orga7i),  are  frequently 
very  much  developed  (see  BrilJil,  1.  c). 

c.  The  glands  of  the  tip. — Upon  the  lower  aspect  of  the  tip  of 
the  tongue,  on  either  side,  and  in  the  substance  of  the  lingualis 
inferior  and  stijlo-glossus,  are  two  elongated  groups  of  glands,  b'" 
to  10'''  long,  2'"  to  3'''  thick,  and  3'''  to  ^"  broad,  whose  excretory 
dacts,  five  to  six  in  number,  open  upon  peculiar  fringed  folds  of 
mucous  membrane  parallel  to  the  frenum  linguce.  These  glands 
were  accurately  described  by  Blandin,  and  were  recently  rescued 
from  oblivion  by  Nuhn. 

§  133.  Intimate  Structure  of  the  Mucous  Glands. — A.11  the  above- 
mentioned  glands  entirely  agree  in  all  essential  points  of  structure, 
and  invariably  consist  of  a  certain  number  of  lobules  with  a 
branched  excretory  duct.  The  lobules,  which,  in  the  simplest 
glands,  amount  only  to  some  few  (4  to  8),  are  elongated,  pyriform, 
or  sometimes  rounded  in  outline,  not  unfrequently  flattened,  and 
measure  0-5'"  to  072'"  in  length,  and  0*2'"  to  0'\^"'  in  breadth, 
although  they  are  occasionally  almost  quite  round,  and  each  is 
placed  upon  a  branch  (0*03'"  to  0'05'"  broad)  of  the  excretory  duct, 
which  latter  measures  o'i2"'  to  o*3'",  or  even  0*5'"  (glands  of  the 
root),  in  length.  They  consist  of  convoluted  canals  (fig.  123), 
beset  with  simple  and  compound  vesicular  dilatations,  and  appear- 
ing to  be  the  immediate  continuations  of  the  excretory  ducts 
of  the  lobules,  which,  on  passing  into  the  lobules,  successively 
divide  into  a  certain  number  of  these  canals,  mostly  without 
decreasing  in  diameter.  What  have  been  called  glandular  vesicles 
(acini).)  are  merely  the  dilatations  and  terminations  of  these 
canals,  or  ultimate  branches  of  the  excretory  ducts.  When  viewed 
superficially,  and  with  smaller  magnifying  powers,  they  all 
appear  uniformly  rounded  or  pear-shaped;  but  upon  narrowly 
examining  an  entire  lobule,  or,  still  better,  a  gland  which  has  been 
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injected  and  teased  out,  it  is  seen  tliat  tlieir  form  is  very  various, 

riff.  116. 


Diagram  of  t^^o  ducts  of  a  lobule  of  a  mucous  gland.   «■  Excretory  duct  of  the  lo^^^^^^^ 
».lateral  branch;  c.  the  acmi  of  that  branch  in  situ;  d.tliQ  same  spread  out,  and  the 
duct  displayed. 

roundish,  pyriform,  or  elongated.  It  is  impossible  to  describe  in 
detail  all  the  forms  which  are  met  with,  and  I  will,  therefore,  only 
further  remark,  that  in  point  of  appearance  and  structure,  the 
terminations  of  the  lobules  are,  for  the  most  part,  copies,  as  it 
were,  on  a  small  scale,  of  the  seminal  vesicles,  as  is  represented  in 
the  annexed  figure,  which  is,  however,  partly  diagrammatical. 

All  the  finest  gland-ducts  and  "^^s.ni. 
vesicles,  whose  diameter  varies 
from  0'02'"  to  o-o8'",  consist  of  a 
special  structureless  envelope,  the 
membrana  propria,  of  O'OOoS'"  to 
0*00 1 2'"  in  thickness,  and  of  a 
simple  epithelium  of  polygonal  cells 
(fig.  124),  which  very  readily  falls 
ofi",  and  then  fills  the  acini  in  the 
form  of  a  granular  mass.  The  epi- 
thelial cells  contain  fluid  mucus, 
which  is  coagulated  by  acetic  acid 
(whence  the  cells  become  dark  on 
the  addition  of  that  re-agent) ,  and  a  certain  number  of  fat  and 
pigment-granules. 

The  excretory  ducts  of  the  lobules,  which,  in  the  interior,  are 
traversed  by  connective  tissue  as  well  as  enveloped  by  it,  possess  an 
investment  of  connective  tissue,  with  networks  of  fine  elastic 
fibres,  and  a  simple  layer,  o-oo8'"  to  0*0 1'"  thick,  of  cylindrical 
cells.  In  the  principal  excretory  ducts,  the  wall  of  the  smallest 
glands,  which  are  very  rich  in  elastic  tissue,  measures  0-02''';  that 
of  the  larger,  up  to  0-03'"  and  0*04''';  while  the  epithelium  is  o'oi''' 
to  0-012"'  in  thickness.    The  glands  are  furnished  with  numerous 


Two  acini  of  a  racemose  mucous  gland, 
of  man ;  magnified  300  times,  a.  Mem- 
hrana  propria ;  &.  epithelium,  as  it  ap- 
pears in  the  apparent  section  of  a  vesicle; 
c.  the  same  seen  from  the  surface. 
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small  vessels,  wMch  penetrate,  with  the  excretory  ducts,  or  inde- 
pendently, between  the  lobules,  and  form  in  the  interior  a  wide 
network  of  capillaries,  0-003'''  in  diameter,  surrounding  the  indi- 
vidual tubes  and  vesicles ;  so  that,  in  every  case,  each  of  them  is  in 
contact  with  three  to  four  capillaries.  Nerves  are  met  with  in 
considerable  abundance  upon  the  excretory  ducts,  and  occasionally, 
also,  as  moderately  fine  fibres,  in  the  glands  themselves. 

The  secretion  of  the  racemose  glands  is  a  clear  yellowish  mucus, 
obviously  coming  from  the  epithelial  cells,  mingled  accidentally  with 
granules,  nuclei,  and  remains  of  cells.  It  fills  the  excretory  ducts 
and  the  other  glandular  spaces  as  far  as  the  ultimate  terminations, 
and  even  in  these  can  be  brought  to  view,  on  the  addition  of  acetic 
acid,  as  a  striated  viscid  substance.  Mucous  corpuscles,  as  they 
are  termed,  such  as  are  found  in  the  fluids  of  the  mouth,  are 
totally  absent  in  the  glands. 

2.— FOLLICULAR  GLANDS. 

§  134.  The  follicular  glands  of  the  oral  cavity  are  i,  simj^le  fol- 
licles at  the  root  of  the  tongue ;  and  2,  compound,  on  either  side 
of  the  isthmus  faucium^  viz.,  the  tonsils.  In  structure,  these  organs, 
whether  simple  or  compound,  are  essentially  alike,  inasmuch  as 
the  tonsils  may  be  regarded  as  being  made  up  of  simple  follicular 
glands ;  on  the  other  hand,  they  differ  so  widely  from  the  mucous 
glands,  that  they  cannot  be  ranked  with  them  in  any  respect. 

The  simple  follicular  glands  of  the  root  of  the  tongue,  extending  as 
an  almost  continuous  layer  from  the  papillce  vallatce  to  the  epiglottis, 
and  from  one  tonsil  to  the  other,  lie  above  the  mucous  glands 
of  this  region  and  immediately  beneath  the  mucous  membrane. 
Their  position  is  so  superficial,  that  the  individual  glands  can  be 
perceived  as  rounded  elevations,  and  their  number  and  arrange- 
ment recognised  externally.  On  being  dissected  out,  each  follicle 
is  found  to  be  a  lenticular  or  spherical  body,  of  to  2"  in  dia- 
meter, which,  covered  externally  by  the  mucous  membrane  —  here 
very  thin  —  is  loosely  imbedded  in  the  submucous  tissue,  and  re- 
ceives, at  its  lower  surface,  the  excretory  duct  of  a  more  deeply 
seated  mucous  gland.  Every  follicular  gland  presents  in  the 
centre  of  its  free  surface  a  punctiform  opening,  often  rather  wide 
(^"'  to  ^"'),  and  readily  visible  to  the  naked  eye,  which  leads  into 
an  inverted-funnel-shaped  cavity,  characterised  by  its  narrowness 
compared  with  the  size  of  the  follicle,  and  by  its  thick  walls.  The 
cavity  is  generally  filled  with  a  greyish  mucous  substance. 
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Each  follicular  gland  (fig.  125)  is  a  thick-walled  capsule,  which 
is  surrounded  externally  by  a  fibrous  investment,  connected  with 
the  deep  layers  of  the 
mucous  membrane, 
and  is  lined  internally 
by  a  continuation  of 
the  mucous  membrane 
of  the  oral  cavity  with 
papillfe    and  epithe- 
lium.   Between  these 
two  coats  it  contains, 
in  a  delicate,  fibrous, 
vascular  matrix,  a  cer- 
tain number  of  large, 
completely  shut  cap- 
sules or  follicles  (fig.  125,      which,  being  J/'  ^^^^^  ^ 
round  or  oblong  form,  and  of  a  whitish  colour,  very  much  resemble 
the  capsules  oiPeyers  and  the  solitary  glands,  and  the  vesicles  of  the 
spleen  and  of  the  lymphatic  glands,  and  consist  of  a  tolerably  firm 
investment,  0-003'"  thick,  of  a  somewhat  homogeneous  connective 
tissue,  without  elastic  fibres,  inclosing  greyish-white  contents.  On 
puncturing  a  follicle,  its  contained  matter  oozes  out  in  form  of  a 
drop  which  is  diffusible  in  water,  and  composed  of  a  fluid-portion 
with  solid  particles.    The  former  is  present  only  in  extremely 
small  quantity,  so  that  it  appears  as  the  connecting  medium  of  the 
latter,  which  consist  of  cells,  0-003"'  to  0-005'"  in  size,  without 
any  special  characters.    Acetic  acid  renders  the  cells  granular  and 
their  contents  whitish ;  it  does  not,  however,  precipitate  any  mucus, 
which  proves  that  the  contents  of  these  follicles  differ  from  mucus, 
but  agree  in  nature  with  those  of  the  spleen-corpuscles.     The  fol- 
licles are  mostly  so  arranged  as  to  form  an  almost  continuous  simple 
layer  between  the  outer  investment  and  the  epithelium  of  the 
glands ;  but  at  particular  parts  we  sometimes  find,  at  least  in  the 
mammalians,  two  follicles  in  the  thickness  of  the  wall,  close  to  or 
more  widely  separated  from  each  other. 

The  vessels  of  the  follicular  glands  are  very  numerous,  and  can 
often  be  readily  traced  in  man,  when  filled  with  blood.  Small 
arteries  pass  from  without,  through  the  fibrous  investment,  into 
the  interior,  where  they  ramify  between  the  individual  follicles  in 
a  beautiful  'arborescent  manner,  and  terminate  in  the  papillae  and 
also  upon,  and  probably  in,  the  follicles.  The  vessels  of  the 
papilla  present  the  same  conditions  as  in  the  simple  papillae  on 


Fig.  118. 


Follicular  gland,  from  the  root  of  the  tongue  of  man.  a. 
Epithelium  lining  the  same;  b.  papillas;  c.  outer  surface  of 
the  gland,  with  the  envelope  of  areolar  tissue  ;  d.  e.  cavity  of 
the  follicle;  /.  epithelium  of  the  same;  g.  follicles  in  the  thick 
wall  of  the  gland.   Magnified  30  times. 
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other  parts,  and  form  either  simple  or  compound  loops;  whilst 
upon  the  follicles  and  surrounding  them  there  is  an  extremely 
beautiful  and  rich  network  of  vessels,  the  finest  of  which,  0-004'" 
to  o-oo6'",  running  in  an  undulating  manner  immediately  upon 
the  coat  of  the  capsule,  form  a  moderately  close  meshwork.  The 
veins  collect  themselves  from  the  two  places  mentioned,  and 
are  very  wide  and  numerous.  According  to  E.  H.  Weher,  lym- 
phatics also  appear  to  come  from  these  glands,  and  I  have  observed 
nerves  upon  them. 

According  to  my  investigations,  the  tonsils  are  merely  an  aggre- 
gation of  a  certain  number  (10  to  20)  of  compound  follicular 
glands,  which,  being  firmly  connected  with  each  other,  and  held 
together  by  a  common  investment,  form  a  large  hemispherical 
organ,  and  also  frequently  coalesce  by  their  orifices  into  a  smaller 
number.  Every  section  of  the  tonsil,  however  different  the  shape 
of  its  cavity  and  its  external  form,  has  quite  the  same  structure. 
Tracing  them  from  the  oral  cavity,  we  find  that  the  epithelium 
passes  into  the  recesses  within  the  tonsil,  and  although  somewhat 
attenuated,  completely  lines  them  as  far  as  the  ultimate  accessory 
cavities.  Beneath  this  epithelium  there  exists  a  greyish,  soft,  very 
vascular  membrane,  to  ^'^  in  thickness ;  and  external  to  this, 
another  dense,  relatively  thick,  fibrous  investment,  which,  wherever 
two  lobes  or  sections  of  the  tonsils  come  in  contact,  belongs  to 
them  in  common,  and,  outside  of  them,  is  connected  with  the 
common  investment  of  the  organ.  The  soft  thick  layer  between 
the  epithelium  and  the  fibrous  investment  has  the  same  composition 
as  the  corresponding  layer  of  the  follicular  glands  of  the  root  of 
the  tongue.  Here  also  are  seen,  towards  the  epithelium,  conical 
or  filiform,  or  even  slightly  branched  papillae,  o-o6'''  to  o'oS"'  in 
length,  and  o-oi"'  to  0-03'"  in  breadth;  then,  more  deeply,  there 
are  rounded,  completely  closed  follicles,  situated  close  to  each 
other,  of  the  same  size  and  with  the  same  contents  as  those  above 
described;  lastly,  a  soft  fibrous  tissue  connecting  them  together, 
and  containing  numerous  vessels.  The  vessels  are  still  more  nu- 
merous than  in  the  follicles  of  the  tongue;  but,  on  the  whole, 
ramify  in  the  same  manner,  only  the  papillae  frequently  contain 
several  loops,  and  the  networks  around  the  capsules  are  denser. 
Quite  recently,  I  have,  as  I  believe,  observed  vessels  in  the  interior 
of  the  capsules,  just  as  in  Peyers  glands.  The  fibrous  investment 
consists  of  connective  tissue  with  elastic  fibres,  and  receives  some 
fibres  of  the  superior  constrictor  of  the  pharynx.  Nerves,  it  is 
true,  are  seen  externally  upon  the  tonsils  and  in  the  papillae,  still  I 
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have  been  no  more  snccessful  in  finding  tliem,  in  tlie  proper  coat 
of  tlie  follicles,  than  in  the  follicles  of  the  tongue. 

The  tonsils  and  the  follicles  of  the  tongue,  agreeing  as  they  do 
in  structure,  appear  also  to  agree  in  the  nature  of  their  secretion  j 
but  it  cannot  be  readily  obtained  pure  from  the  former,  because 
they  also  receive  the  ducts  of  mucous  glands.  It  is  a  greyish- 
white  matter,  resembling  mucus,  which,  however,  as  far  as  I  can 
discover,  contains  no  proper  mucus,  but  consists  of  detached 
epithelium  (plates),  either  alone  or  mingled  with  cells  and  nuclei, 
which  entirely  agree  with  those  contained  in  the  walls  of  the 
cavities  of  the  follicles,  and  perhaps,  come  from  burst  follicles. 

In  inflammation  of  the  tonsils,  in  man,  it  would  appear  that  the  follicles 
become  swollen,  their  contents  undergo  alteration,  and  then  they  burst.  The 
shut  sacs,  filled  with  purulent  or  cheesy  matter,  which  are  described  in 
diseased  states  of  the  tonsils,  may  probably,  when  they  do  not  exceed  a 
certain  size,  be  merely  such  altered  follicles,  and,  by  bursting,  may  furnish 
that  secretion  which  collects  in  the  larger  cavities.  Thus  it  so  frequently 
happens,  that  the  normal  structure  in  the  walls  of  the  tonsils  can  no  longer 
be  recognised,  and,  at  most,  nothing  is  found  but  still  open  folKcles,  generally 
merely  a  granular  substance,  containing  fibres  and  vessels,  with  remains  of 
the  papilte  and  epithelium.  In  children,  and  in  certain  cases  of  slight 
hypertrophy,  however,  the  follicles  of  the  tonsils  may  be  seen  very  beau- 
tifully. Of  animals,  the  tonsils  of  the  pig  and  sheep,  and  the  tongue-follicles 
of  the  ox,  are  to  be  recommended  as  suited  for  examination  ;  also  the  organs 
resembhng  tonsils,  situated  near  to  the  entrance  of  the  larynx  in  the 
pig,  sheep,  and  ox,  in  which,  when  examined  in  the  fresh  condition,  and 
when  hardened  in  strong  alcohol,  the  structure  can  be  at  all  times  and 
easily  discovered. 

The  greyish,  yellowish,  or  greenish,  sometimes  softer,  sometimes  more  con- 
sistent material,  which  is  so  frequently  met  with  in  the  cavities  of  the  tonsils 
as  a  somewhat  abnormal  occurrence,  contains  larger  and  smaller  cells  with 
single  nuclei,  which  have,  in  part,  undergone  the  fatty  degeneration,  and 
which  sometimes  present  hollow  spaces  in  their  interior  and  thickenings  of 
their  membranes  ;  further,  epithehum,  and  occasionally  crystals  of  Chole- 
sterine and  filiform  fungi.  The  secretion  may  be  regarded  as  more  normal 
when  it  consists  only  of  epithelium,  of  small  cells  destitute  of  fat,  and  of  free 
nuclei ;  the  latter  two  elements  being  quite  the  same  as  those  in  the  follicles. 
Still  we  frequently  find  such  a  considerable  quantity  of  this  secretion,  as  to 
suggest  the  occurrence  of  an  excessive  cell-formation  and  rupture  of  the 
follicles. 

The  signification  of  the  foUicles  of  the  tonsils  and  of  the  folhcles  of  the 
tongue  (to  which  all  that  has  been  above  remarked  equally  applies),  is,  in  any 
case,  ambiguous.  If  they  do  not  burst  normally  from  time  to  time,  which  is 
very  improbable,  they  could,  as  far  as  regards  their  secretion,  only  be  of  use  by 
elaborating  a  fluid  in  their  interior,  which  subsequently  finds  its  way  into  the 
hollow  spaces  of  the  glands.  Moreover,  the  resemblance  of  the  folhcles  in 
question,  with  those  of  the  sohtary  and  especially  of  Peyer's  glands,  as  well  as 
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with  those  of  the  spleen  and  lymphatic  glands,  leads  us  to  enquire  whether  they 
are  not  to  be  ranked  with  those  organs.  At  any  rate,  it  ought  not  to  be  for- 
gotten that  these  follicular  glands  also  undoubtedly  secrete,  and  that,  accord- 
ingly, the  comparison  of  them  with  lymphatic  glands  {Brücke)  can  certainly 
not  be  carried  out  in  all  points.  The  solitary  follicles  of  the  large  intestine, 
from  which  a  secretion  obviously  takes  place  into  the  depression  situated 
over  them,  have,  in  my  opinion,  the  nearest  resemblance  to  the  follicles  in 
question,  also  the  patches  of  Peyer,  which  I  place  in  the  same  rank. 

3.— SALIVARY  GLANDS. 

§  135.  The  Salivary  Glands,  i.  e.,  the  parotis,  suhmaxillaris, 
sublingualis,  and  the  glands  of  Rivini,  agree  so  fully  in  their 
structure  with  the  racemose  mucous  glands,  that  a  detailed  de- 
scription of  them  would  be  superfluous.  They  are  compound 
racemose  glands,  and  may  be  considered  anatomically  as  aggre- 
gations of  numerous  mucous  glands ;  that  is  to  say,  the  lobules 
of  the  first  and  second  order  correspond,  the  latter  to  the  entire 
mucous  glands,  the  former  to  single  lobules  of  them.  The 
lobules  of  the  second  order  then  unite  to  form  still  larger  divisions, 
and  a  certain  number  of  the  latter  form  the  entire  gland.  The 
excretory  ducts,  corresponding  in  number  to  the  divisions  of  the 
gland,  are  more  or  less  branched,  and  ultimately  present  the  same 
conditions  at  their  extremities  as  those  of  the  mucous  glands. 

In  intimate  composition,  likewise,  the  salivary  glands  ofi'er  little 
worthy  of  remark.  The  acini,  in  all  the  three  kinds  of  glands, 
uniformly  measure  O'oib'"  to  0-024''',  or  0-03"'  in  diameter,  are  as 
variously  shaped  as  in  the  mucous  glands,  and  arise  in  a  similar 
manner  from  the  ducts.  Their  memhrana  propria  is  frequently 
double-contoured,  and  always  covered  internally  with  a  pavement 
epithelium,  whose  cells,  which  have  but  one  nucleus,  and  are 
0-005'"  to  o-oo8"'  in  size,  can  be  obtained  in  beautiful  series  by 
squeezing  a  gland.  In  the  submaxillary  and  sublingual  glands, 
these  cells  constantly  contain  mucus,  also  a  large  number  of  fat- 
granules  and  sometimes  pigment- granules  ;  whilst  in  those  of  the 
parotid  the  mucus  is  absent,  and  even  the  granular  formations  are 
less  frequent.  In  the  former,  acetic  acid  renders  the  contents  of 
the  cells  turbid,  and  does  not  clear  them  up  when  added  in  excess, 
on  which  account  it  cannot  be  recommended  for  their  investigation, 
but  rather  diluted  caustic  soda,  which  allows  the  epithelial  cells  to 
be  seen  in  situ. 

The  excretory  ducts  of  the  salivary  glands  are  lined  by  a  simple 
layer  of  cylindrical  epithelium,  whose  cells  measure  up  to  0-016"' 
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in  length ;  the  remaining  part  of  the  wall  consists  of  connective 
tissue,  with  numerous,  very  dense  networks  of  fine  and  thicker 
elastic  fibres,  to  which,  in  the  submaxillary  duct,  a  thin  layer  of 
smooth  muscular  fibres  is  superadded.  The  vessels  present  the 
same  conditions  as  in  the  mucous  glands. 

Nerves  pass  from  the  plexus  caroticus  externus,  with  the  vessels, 
into  the  interior  of  the  glands,  where  they  are  met  with  in  small 
numbers  upon  the  vessels,  excretory  ducts,  and  other  parts,  and 
appear  to  end  with  free  extremities.  Besides,  the  submaxillary 
ganglion  (Ungualis  and  chorda  tympani)  supplies  the  two  smaller 
pairs  of  glands ;  and  the  facial  nerve,  and,  probably,  the  auricularis 
anterior  supply  the  parotid. 

The  secretion  of  the  salivary  glands  is,  normally,  destitute  of  de- 
finitely formed  constituents,  but  may  accidentally  contain  cylindrical 
cells  of  the  excretory  ducts,  or  half- decomposed  cells  from  the 
acini.  Its  physical  and  chemical  properties  are  diifferent  in  the  dif- 
ferent salivary  glands.  The  saliva  of  the  parotis  is  clear  and  fluid, 
and,  like  the  acini  themselves,  contains  no  mucus.  The  secretion 
of  the  suhmaxillaris,  on  the  other  hand,  contains  mucus  and  is 
ropy ;  and,  according  to  Bernard,  a  watery  extract  of  the  gland 
likewise  yields  mucus.  The  sublingualis  contains  still  more  mucus. 
Hence  the  salivary  glands,  with  the  exception  of  the  parotis,  are 
very  closely  related  to  the  mucous  glands  of  the  oral  cavity,  and, 
at  any  rate,  there  is  nothing  to  warrant  a  decided  separation  of 
the  glands  in  question. 

This  is  the  proper  place  to  make  a  few  remarks  on  the  salivary  or  nmicous 
corpuscles  of  authors.  These  are  roundish  cells,  o-oos'"  in  size,  with  one  or 
several  nuclei,  which,  so  to  speak,  are  constantly  found  in  the  fluids  of  the 
mouth,  although  in  very  various  quantities,  and  which  are  looked  upon  by 
most  authors  as  coming  from  the  mucous  or  saHvary  glands,  but  incorrectly  ; 
since  the  examination  of  both  kinds  of  glands,  and  of  their  excretory  ducts, 
shows  that  they  do  not  secrete  any  definitely  formed  constituents.  The  mu- 
cous corpuscles  are,  in  my  opinion,  merely  products  of  the  mucous  membrane 
of  the  oral  cavity  ;  and,  indeed,  although  almost  constant,  still  not  altogether 
normal,  but  a  kind  of  exsudation  of  pus-corpuscles,  with  which,  also,  they  are 
acknowledged  to  have  the  greatest  resemblance  in  their  structure.  Their 
origin  is  still  unknown,  yet  it  is  most  probable  that  they  come,  in  some  way 
or  another,  from  the  epithelium. 

For  the  investigation  of  the  mucous  membrane  of  the  oral  cavity,  perpen- 
dicular sections  of  fresh  or  dried  pieces,  or  such  as  have  been  hardened  in 
absolute  alcohol,  are  especially  necessary.  In  these  the  papillae  and  epi- 
thelium are  very  distinct,  and  become  still  more  clear  on  the  addition  of  very 
diluted  caustic  soda,  when  the  deepest  epithelial  cells  also  readily  come  into 
view.  The  papillse  are  to  be  studied  in  macerated  pieces,  or  when  it  concerns 
only  their  position  and  form,  in  perpendicular  or  horizontal  sections,  treated 
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with  concentrated  caustic  potash,  which  detaches  the  epithehum.  The  papillae 
of  the  tongue,  whose  epithehum,  especially  in  the  ßliformes,  is  frequently 
not  found  entire,  are  to  be  treated  exactly  in  the  same  manner.  The  nerves 
of  all  these  parts  are  best  seen  on  the  addition  of  diluted  caustic  soda ;  acetic 
acid  also  frequently  serves  for  this  purpose.  The  muscles  of  the  tongue 
are  to  be  investigated  by  minute  dissection,  and  the  arrangement  of  fibres 
may  be  tolerably  well  made  out  by  this  means  in  half  macerated  tongues, 
which  have  lain  for  a  long  time  in  alcohol.  Fresh  tongues  may  also  be 
employed,  but  they  are  not  nearly  so  well  fitted  for  the  purpose,  and  it 
is  generally  necessary  to  boil  them  until  they  are  quite  soft.  In  order  to 
obtain  sections  for  the  microscope,  the  tongue  may  be  dried  or  hardened 
in  alcohol,  or  hard  boiled.  In  all  these  three  cases  caustic  soda  is  useful  for 
giving  clearness,  although  it  somewhat  attacks  the  muscular  fibres.  Perpen- 
dicular, longitudinal,  and  transverse  sections  in  various  directions,  are  to  be 
recommended,  especially  through  the  glandular  region.  Concerning  the  in- 
vestigation of  the  glands,  we  have  already  mentioned  what  is  most  important. 

Literature —W .  Bowman,  Art.  3hicous  Merribrane,  in  Todd's  Cydo'padia  of 
Anatomy,  Apr.  1842.  E.  H.  Weber,  in  Meckel's  Archiv.,  1827,  pp.276,  280. 
A.  Sebastian,  Beclierches  Anatomiqties,  Physiologiques,  et  Patliologiques  sur 
Ics  Glandes  LaUales,  Groningen,  1842.  N.Ward,  Avt.  Salivary  Glands,  in 
Todd's  Cyclopaedia  of  Ariatomy,  Sept.  1848,  partxxxiii.,  p.  421.  Bonders,  in 
Ned.  Lane,  1853,  Oct.  Nov.,  p.  295.  Bernard,  in  Mem.  de  la  Soc.  d.  Biol 
C.  J.  Baur,  in  Meckel's  Archiv.,  1822,  p.  350-  P-  Gerdy,  Becherclies 
a  Anatomie,  de  Physiologie  et  de  Pathologie,  Paris,  1823.  P.  T.  Blandin,  in 
Archiv.  Gener.  de  Medicine,  1823.  J.  Zaglas,  in  Annais  of  Anatomy  and 
Physiology,  ed.  by  J.  Goodsir,  1850,  i.  p.  i,  H.  Hyde  Salter,  Art.  Tongue,  in 
Todd's  Cyclopcsdia  of  Anatoimj,  iv.,  June  and  Sept.,  1850.  C.  B.  Brühl, 
lüei^ie  Beiträge  zur  Anatomie  der  Hauss'äugethiere,  Wien,  1850,  pp.  1-6. 
Sappey,  Comp,  rend.,  1847,  p.  26.  The  reader  may  also  consult  the  anato- 
mical works  of  E.  H.  Weber,  Valentin  {im  Handw.  d.  Phys),  Todd  and 
Bowman,  Henle,  Arnold,  Buschke,  Krause,  and  myself ;  and  the  drawings 
of  Berres,  Arnold,  Langenbeck,  Ecker,  Beau  and  Bonamy. 


Of  the  Teeth. 

§  136.  The  teeth  [denies)  are  hard  organs  implanted  in  the 
alveolar  processes  of  the  jaws,  which,  although  in  some  points  quite 
the  same  in  structure  as  the  bones,  in  others  closely  related  to 
them,  yet  must,  in  respect  of  their  development,  be  regarded  as 
pertaining  to  the  mucous  membrane. 

In  every  tooth  we  distinguish  the  proper  tooth  and  the  soft 
structures.  The  former  is  divided  into  a  free  part,  the  crown 
(corona),  and  an  imbedded  portion,  the  simple  or  divided  fang  or 
root  (radix),  whose  various  forms  will  be  found  described  in  the 
text-books  of  anatomy.  In  its  interior  is  a  small  cavity,  the  cavity 
of  the  tooth  (cavum  dentis),  puljj-cavity ,  which,  prolonged  in  form 
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of  a  canal  (canalis  dentalis),  even  extends  into  the  fan^s,  and  ter- 
minates at  the  apex  of  each  with  a  fine,  usually  simple,  rarely 
double  (Havers,  RasMow)  aperture.  To  the  soft  parts  belong, 
first,  the  gum  (gingiva),  a  hard  substance,  composed  of  the  mucous 
membrane  and  the  periosteum  of  the  jaws,  which  surrounds  the 
lower  half  of  the  crown  or  the  neck  of  the  tooth,  collum ;  secondly, 

Fig.  119. 

A.  ^' 


Hrnnan  molar  tooth;  magnified  about  five  times.    A.  a  longitudinal,  B.  a  transverse 
section,   a.  Enamel;  h.  pulp-cavity;  c.  cement ;  d.  dentine,  with  the  canaliculi. 

the  periosteum  of  the  alveolar  cavity,  which  connects  the  tootli 
very  firmly  with  the  alveolus ;  lastly,  the  dental  pulp  (pulpa  dentis ), 
a  soft  substance  rich  in  vessels  and  nerves,  which  fills  the  cavity  of 
the  tooth,  and  which  is  connected  by  the  aperture  or  apertures  in 
the  root  with  the  above-mentioned  periosteum. 

The,  proper  tooth  (fig.  119)  consists  of  three  diff'erent  tissues:  i. 
the  dentine,  which  constitutes  the  chief  portion  of  the  tooth,  and 
determines  its  general  form ;  2.  the  enamel,  which  forms  a  tolerably 
thick  covering  upon  the  crown ;  and  3.  the  ceme?it,  which  covers 
the  fang  externally. 

§  137.  The  dentine,  ivory,  substantia  ehurnea,  ehur  (fig.  119,  d), 
is  yellowish-white  in  aspect,  and  in  thin  sections  of  fresh  tooth, 

Ü 


290 


DIGESTIVE  ORGANS. 


[sect.  137. 


appears  translucent  or  transparent.  In  tlie  dry  state  it  is  white, 
with  a  satiny  or  isilky  lustre  from  the  entrance  of  air  into  a  special 
system  of  canals,  which  pervades  the  substance.  The  dentine  is 
considerably  harder  and  more  brittle  than  the  bones  and  the 
cement,  but  much  less  so  than  the  enamel.  It  alone  bounds  the 
pulp  cavity,  with  the  exception  of  a  small  place  at  the  root,  and 
is  never  actually  seen  outwardly  in  uninjured  teeth,  for  even  at  the 
neck  of  the  tooth  it  is  covered  by  enamel,  although  in  a  thin  layer, 
and  where  the  latter  ceases,  by  cement. 

Fig.  120. 


a.  JO) 


©©I©©"©©®©© 


The  dentine  consists  of  a  matria;, 
and  of  numerous  tubules  running  in  it, 
the  de ntinal  tubules,  denta I  canals,  canali- 
culi  dentium.    The  matrix,  even  in  the 
finest  section,  is  quite  homogeneous, 
without  presenting  a  trace  of  being 
constructed  of  cells,  fibres,  or  other 
elements.     The  dentinal  canals  (fig. 
120),  are  microscopical  tubes  o*ooo6"' 
to  0*00 1'",  some  of  them  0*002"'  (at 
the  root)  in  width,  which  begin  with 
free  openings  on  the  wall  of  the  pulp- 
cavity,  and  run  through  the  entire 
thickness  of  the  dentine  as  far  as  the 
enamel  and  the  cement.    Each  canal 
has  a  special  wall,  which  is  less  in  thick- 
ness than  the  diameter  of  the  channel, 
and  can  be  recognised  in  transversely 
cut  canals,  although  not  always  even 
here,  as  a  small  yellowish  ring  around  the  cavity ;  m  a  longitu- 
dinal section,  it  is  almost  entirely  withdrawn  from  view.  During 
life,  the  canals  contain  clear,  perfectly  fluid  contents,  and  are, 
accordingly,  not  so  readily  visible  in  fresh  preparations;    it  is 
different  in  dry  sections,  when  they  are  filled  with  air,  and  the 
individual  tubes  appear  as  black  lines  when  viewed  by  transmitted, 
and  as  shining  filaments  by  reflected  light.     In  consequence  of 
the  very  large  number  of  the  canals,  which  in  many  places  is  so 
considerable,  that  their  walls  are  almost  in  contact,  dry  sections 
appear  milk-white,  and,  if  they  are  not  very  thin,  are  quite  unfit  for 
microscopical  examination,  except  when  the  air  has  been  driven 
out  of  the  canals  by  the  addition  of  some  pellucid  and  not  too 
viscid  fluid. 


Transverse  sedtion  of  dentinal  canals, 
as  they  are  usually  seen.  a.  Ordinary 
distance  apart  ;  h.  more  crowded ;  c. 
another  view.  Human  molar.  Mag- 
nified 400  times 
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The  course  of  tlie  dentinal  canals  is  not  straight,  but  undulatim/ ; 
besides,  they  exhibit  numerous  ramifications  and  anastomoses. 

Each  canal  usually  describes  two  or  three  large  curves,  and 
a  very  large  number  (up  to  200  in  a  line,  Retzius)  of  small 
flexures.    The  ramifications  of  the  canals  appear  as  divisions,  and 
also  as  true  ramifications.    The  former  are  very 
frequently  met  with  near  to  the  origin  of  the 
tubes  from  the  dental  cavity,  and  are  almost 
always  bifurcations,  which  are  repeated  two 
to   five   times  or  more,  so  that  at  length, 
four,  eight,  sixteen,  or  more  canals  arise  from 
a  single  one.    The  canals,  now  narrower  after 
their  division,  run  close  together,  and  nearly 
parallel  towards  the  surface  of  the  dentine,  and, 
except  in  the  fang,  first  begin  to  send  out 
ramifications  in  the  outer  half  or  in  the  outer    ^,J,\^^,f  ^,^^1  ^f^S 
third  of  their  course.    These  ramifications  ap-     ^anais  o^f  ^J^^^ 
pear  in  the  fangs  chiefly  as  fine  branches  issuing  ^^^^^s.^^Tilgnl- 
from  the  main  tubes,  but  in  the  crown  as  bi-     fied  350 times,  ofinan. 
furcated  terminations  of  them.    In  the  latter  case  they  are  for  the 
most  part  few  in  number ;  it  is  otherwise  on  the  fang,  where  the 
branches,  being  generally  close  to  each  other,  and  passing  off  from 
the  canals  at  right  or  acute  angles,  give  them  sometimes  the 
appearance  of  a  feather,  sometimes  of  a  brush ;  the  latter  espe- 
cially, when  the  branches  are  longer  and  ramify  still  more.  The 
terminations  of  the  dental  tubes  are  more  or  less  fine  according  to 
the  number  of  their  ramifications,  and  are  frequently  so  very  fine, 
that  they  appear  as  extremely  delicate,  pale  lines,  like  fibrils  of 
connective  tissue,  and   are,  at  length,  withdrawn   from  view. 
Wherever  the  terminations  are  distinct  they  either  reach  the 
surface  of  the  dentine,  where  they  partly  end  in  a  granular  layer, 
to  be  afterwards  described,  or  pass  into  the  innermost  parts  of 
the  enamel  and  cement;   or  they  join  together  in  pairs  in  the 
form  of  loops  in  the  dentine  itself  (terminal  loops  of  the  dentinal 
canals) .    The  branches  of  the  main  canals  are  almost  always  very 
fine,  mostly  simple,  but  sometimes  branched,  and,  as  can  be  best 
demonstrated  in  the  fangs,  wehere  they  are  unusually  numerous, 
serve  to  connect  neighbouring  or  more  remote  canals,  by  ana- 
stomoses in  form  either  of  transverse  branches  or  of  loops.  The 
final  terminations  present  the  same  conditions  as  the  bifurcated  or 
simple  terminations  of  the  main  canals,  and  end  either  free  or 
with  loops  in  the  dentine,  or  extend  beyond  the  latter. 

u  2 
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According  to  Von  Bibra,  the  cliemical  composition  of  dry  dentine 
is  the  following: — 

Molar  Tooth  of  a  Man . 
Phosphate  of  Lime  and  some  Fluoride  of  Calcium     .  6672 

Carbonate  of  Lime  3*3 ^ 

Phosphate  of  Magnesia  i'o8 

Salts  0-83 

Cartilage  27*61 

Fat  o"4o 


lOO'OO 

Organic  Substances      .       .  .       •       •       •  28-01 

Inorganic  Substances  7 ^'99 


According  to  Tomes,  fresh  teeth,  after  the  removal  of  the  pulp, 
lose  to  yV  of  their  weight  when  dried.  The  organic  basis  of  the 
teeth,  which  may  be  readily  obtained  by  treating  them  with  hydro- 
chloric acid,  is  quite  identical  with  that  of  the  bones,  and  is  readily 
convertible  into  gelatine  by  boiling.  This  tooth-cartilage,  as  it  is 
termed,  completely  retains  the  form  of  the  dentine,  and,  except 
that  the  tubes  are  with  difficulty  visible,  even  its  internal  structure. 
If  it  be  macerated  in  acids  or  alkalies  until  it  is  quite  soft,  the 
matrix  is  found  in  the  act  of  disintegration,  but  the  dentinal  tubes, 
with  their  loalls,  are  still  preserved,  and  may  be  isolated  in  large 
quantities  (see  my  3Iicr.  Anat.  ii.  2,  p.6i,  fig.  189).  When  still 
longer  macerated,  everything  is  dissolved.  The  dentinal  tubes 
may  be  also  isolated  after  long  continued  boiling  of  the  tooth- 
cartilage.  When  a  tooth  is  exposed  to  a  red  heat,  the  inorganic 
parts  remain  behind,  and  retain  the  form  of  the  tooth,  just  as 
when  it  is  treated  with  caustic  alkalies.  The  dentine,  accordingly, 
like  the  bones,  with  which  it  agrees  so  very  much  in  its  chemical 
composition,  is  made  up  of  an  intimate  mixture  of  organic  and 
inorganic  parts. 

The  apparent  walls  of  the  dentinal  tubes,  which  are  usually  seen  upon  the 
transverse  sections  (fig.  120),  are  not  the  true  walls  of  the  canals,  but  rings, 
the  appearance  of  which  arises  from  this,  that  a  certain  length  of  the  canals 
is  always  seen  with  the  microscope  in  the  thickness  of  the  section,  never 
sufficiently  fine  to  obviate  this  eff'ect,  and  the  short  tubular  segments  being 
curved  in  direction,  a  greater  apparent  thickness  is  thus  given  to  the  walls 
than  they  really  possess.  If,  upon  a  transverse  section,  the  openings  of  the 
canals  be  brought  accurately  into  focus,  we  perceive,  instead  of  a  dark  ring, 
only  a  yellowish,  very  narrow  edge,  and  it  is  this  that  I  regard  as  being  the 
true  wall. 

The  dentine  not  unfrequently  presents  indications  of  a  lamellation,  which, 
in  longitudinal  sections,  appears  in  the  form  of  arched  fines  (fig.  122),  coursing 
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Fig.  122. 


more  or  less  parallel  to  the  circumference  of  the  crown,  and  varying  in  dis- 
tance from  each  other,  though  some- 
times close  together  ;  in  transverse 
sections  they  appear  as  rings,  and 
are  especially  distinct  in  the  crown. 
These  contour-lines,  as  they  are  called 
by  Owen,  are  the  expression  of  the 
stratified  depositions  of  the  dentine. 
In  animals,  they  are  occasionally  very 
beautiful,  particularly  in  the  Cetacea 
and  Pachydermata  {Zeuglodon,  Bugong, 
Elephant),  and  also  in  the  Walrus. 
Here,  as  also  in  fossil  teeth,  a  breaking 
up  of  the  ivory  into  lamellse  (Oiveji)  is 
very  frequently  observed,  indications 
of  which  are  also  found  in  fresh  hu- 
man teeth,  and  in  tooth-cartilage. 

At  the  crown,  the  dental  canals  not 
unfrequently  pass  for  some  distance 
into  the  enamel,  and  occasionally  en- 
large so  as  to  form  wider  cavities  (fig. 
125),  which,  perhaps,  are  to  be  regarded 
as  being  more  of  a  pathological  nature. 
Similar  not  quite  normal  formations  are 
the  interglobular  spaces  in  the  dentine 
itself.  Czermali  designates  with  this 
name  very  irregular  cavitieSj  which 
are  bounded  by  spherical  projections 
of  the  dentine,  and  which  are  situ- 
ated at  the  extremities  of  the  contour- 
lines.  The  spaces  themselves  are 
sometimes  very  large,  traversing  nu- 
merous dentinal  canals,  and  interrupting 

them  in  their  course,  sometimes  very  small,  so  that  only  some  very  few  tubes 
are  involved  by  them.  In  the  former  case,  their  boundaries  are  distinctly 
visible  as  spherical  projections,  of  0-002'"  to  o-oi2"'  and  more,  which,  being 
penetrated  by  dentinal  canals,  and  presenting  quite  the  same  appearance  as 
the  dentine,  are  obviously  merely  portions  of  that  substance,  whilst  in  the 
latter,  these  dentine-gloMles,  as  I  will  call  them,  are  not  always  distinct. 
This  holds  good  especially  for  the  smallest  spaces,  which,  on  account  of  their 
jagged  figure,  and  from  the  circumstance  that  the  dentinal  canals  are  in- 
timately connected  with  them,  might  be  held  for  bone-corpuscles  in  the 
dentine,  and  have  been  so  considered  ;  still,  even  in  these,  we  are  almost 
always  able,  at  least  in  the  crown,  to  recognise  their  agreement  with  the 
larger  spaces.  This  is  more  difiicult  in  the  fangs,  where  smaller  interglobular 
spaces  and  globules  form  a  granular  layer  which  frequently  looks 

like  a  layer  of  small  lacunm  or  simple  granules.  In  the  normal  dentine,  I 
have  but  rarely  observed  true  lacimce,  and  always  only  at  the  cement- 
boundary  ;  on  the  other  hand,  interglobular  spaces  and  dentine  globules  also 
occur  in  the  interior  of  the  dentine  of  the  fangs,  and  are  especially  beautiful 


Perpendicular  section  of  the  crown  of  an  in- 
cisor; magnified  7  times,  a.  Pulp-cavity;  b. 
dentine;  c.  arcuate  contour  lines,  with  inter- 
globular spaces;  d.  cement;  e.  enamel  with 
indication  of  the  course  of  the  fibres  in  different 
directions  ;  //.  colour  lines  of  the  enamel.  From 
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upon  the  walls  of  the  pulp-cavity ;  in  which  latter  place  the  globules  fre- 
quently produce  inequalities  visible  to  the  naked  eye,  or  even  stalactitic 
formations.  The  interglobular  spaces,  which  are  normal  in  the  developing 
tooth,  contain,  during  life,  no  fluid,  as  might  be  behoved  at  first  sight,  but  a 
soft  substance  with  tubes,  agreeing  with  the  tooth-cartilage,  and  formed 
exactly  like  dentine,  and  which,  strange  as  it  may  appear,  offers  more  re- 
sistance to  hydrochloric  acid  than  the  matrix  of  the  true  ossified  tooth,  and 
on  this  account  can  be  isolated  exactly  like  the  dentinal  tubes.  In  sections, 
this  '  interglobular  substance '  generally  dries  up  in  such  a  manner,  that  a 
cavity  arises  which  admits  air,  and  it  is  only  then  that  we  can  properly  speak 
of  interglobular  spaces.  Many  teeth  exhibit,  it  is  true,  no  interglobular 
substance,  but  here  and  there  the  outlines  of  dentine-globules  in  the  form  of 
delicate  arched  lines  {O-wefi's  dentinal  cells). 

Dentine  with  Haversian  canals,  or  vaso-dentine,  as  it  is  called  by  Omen, 
such  as  occurs  in  many  animals,  is  very  rarely  met  with  in  man,  and  I  only 
know  of  one  case,  which  was  observed  by  Tomes  (1.  c),  in  which  the  vascular 
canals  were  somewhat  numerous  ;  on  the  other  hand,  we  occasionally  see  in  the 
dentine,  which  is  formed  in  cases  of  obliteration  of  the  pulp-cavity,  along  with 
more  irregular  dentinal  tubes,  a  few  Haversian  canals  and  rounded  cavities, 
which  look  like  bone-corpuscles,  the  osteo-dentine  of  Owen,  as  it  is  called. 

§  138.  The  enamel,  substantia  vitrea  covers  the  crown  of  the  tooth 
as  a  connected  layer^  is  thickest  upon  and  in  the  neighbourhood  of 
the  masticating  surface,  and  gradually  decreases  towards  the  fangs, 
till,  at  last,  it  terminates  in  a  thin,  sometimes  sharp,  sometimes 
slightly  indented  border.  It  terminates  earlier  upon  the  surfaces 
of  the  crowns  which  are  directed  towards  each  other,  and  extends 
farther  downwards  upon  the  inner  and  outer  sides.  The  external  sur- 
face of  the  enamel  appears  smooth,  but  almost  always  possesses  deli- 
cate, closely  approximated,  transverse  ridges,  along  with  which  well 
pronounced  annular  swellings  may  also  occur.  A  delicate  pellicle, 
which  was  discovered  by  Nasmyth,  and  which  I  will  call  the 
cuticle  of  the  enamel,  covers  it  entirely,  but  is  so  intimately  con- 
nected with  the  enamel,  that  it  can  only  be  demonstrated  by  the 
employment  of  hydrochloric  acid.  The  enamel  is  bluish,  in  thin 
sections,  translucent,  much  more  brittle  and  hard  than  the  other 
substances  of  the  tooth,  so  that  it  can  scarcely  be  penetrated  by 
the  knife,  and  emits  sparks  when  struck  with  steel  {Nasmyth).  In 
chemical  composition,  it  may  be  compared  to  an  osseous  substance, 
containing  a  minimum  of  organic  matter;  but  the  organic  con- 
stituent does  not  belong  to  the  gelatinous  tissues,  and  differs  in  no 
respect  from  the  substance  of  the  epithelium.  It  contains,  ac- 
cording to  Bibra — = 
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Phosphate  of  Lime,  with  some  Fluoride  of  Calcium 
Carbonate  of  Lime 
Phosphate  of  Magnesia  . 

Salts  

Organic  Substance 
Fat  


89-82 

4-"3  7 
1-34 
0-88 

3'39 
0-20 


Organic  Substance. 
Inorganic  parts 


3'59 
96-41 


Surface  of  the  enamel, 
with  the  extremities  of 
the  enamel-fibres ;  mag- 
nified 350  times.  Of 
the  calf. 


The  enamel,  as  is  even  indicated  by  its  fibrous  cleavage,  consists 
throughout  of  the  so-called  enamel-fibres  or  enamel-prisms  (fig.  123). 
These  are  mostly  pentagonal  or  hexagonal  (al-  ng.  123. 

though  not  quite  regular)  solid,  long  prisms, 
0-0015'"  to  0-0022'"  in  breadth,  which,  in  general, 
extend  through  the  entire  thickness  of  the 
enamel,  and  rest,  with  one  extremity,  upon  the 
dentine,  and  with  the  other,  upon  the  cuticle 
of  the  enamel.  In  the  teeth  of  adults,  these 
fibres  can  be  very  readily  seen  in  transverse 
and  longitudinal  views,  but  can  scarcely  be  iso- 
lated for  any  great  length  ;  it  is  otherwise  in 
yoang  teeth,  or  in  such  as  are  in  the  process  of  development, 
where  the  enamel  is  much  softer,  and  can  be  cut  with  a  knife. 

Upon  isolated  prisms  thus  obtained,  whose  broken  extremities  may, 
perchance,  be  pointed,  whence  also  called  enamel-        ng.  124. 
needles,  the  surfaces  and  borders  can,  in  part,  be  very 
distinctly  recognised,  and  besides,  especially  after  the 
addition  of  somewhat  diluted  hydrochloric  acid,  more 
or  less  distinct  transverse  strise,  arising  from  slight 
varicosities,  and  disposed  in  linear  series  at  distances 
of  0-0014'"  to  0-002'",  which  give  the  fibres  a  certain 
resemblance  to  muscular  fibres,  or  rather  to  colossal 
muscular  fibrillEC,  and,  at  any  rate,  are  the  expres- 
sion of  their  growth  through  apposition,  or  are  not 
the  expression  of  their  composition  of  cellules.  If  the 
hydrochloric  acid  be  allowed  to  act  more  strongly,  the 
fibres  soon  become  quite  pale,  the  transverse  stria- 
tion  disappears,  and  there  remains  nothing  behind 
but  a  delicate  framework  of  the  former  solid  fibres, 
which  also,  at  length,  breaks  down.    Thus,  in  teeth 
which  have  been  treated  with  hydrochloric  acid,  almost  nothing 
of  the  enamel  remains  behind ;  and  the  latter  does  not,  like  the 
decalcified  dentine,  preserve  its  form. 


Fragments  of  ena- 
mel-fibres, isolated 
after  very  slight  ac- 
tion of  hydrochloric 
acid;  magnified  350 
times.    Of  man. 
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The  conjunction  of  the  enamel-fibres  is  effected  without  any 
visible  intermediate  substance^  and  is  very  intimate.  I  have  not, 
hitherto,  been  able  to  convince  myself  that  canals  regularly  exist 
between  the  enamel-fibres;  still  there  are,  doubtless,  not  unfre- 
quently  cavities  of  various  kinds  in  the  enamel.  Among  these  I 
reckon,  i ,  the  above-mentioned  continuations  of  the  dentinal  canals 
into  the  enamel,  and  the  elongated  cavities  upon  the  boundary  of  the 
dentine,  occasioned  by  the  enlargement  of  these  canals  (fig.  125,  c) ; 
Fig.  125.  aiid  2,  breaches  in  form  of  fissures  in  the  middle 
I  and  outer  parts  of  the  enamel  (fig.  125,^).  The 

'  ~  ^?  latter  are  not  connected  with  the  former,  are 
never  entirely  absent,  and  frequently  exist  in  ex- 
ceedingly large  numbers,  as  narrower  or  wider 
fissures,  which,  however,  are  never  filled  with  air. 

The  course  of  the  enamel-fibres  is,  in  general, 
the  same  as  that  of  the  dentinal  canals  of  the 
crown,  although  larger  curvatures  occur  in  them 
only  upon  the  masticating  surface.  All  the 
enamel-prisms,  moreover,  do  not  appear  to  extend 
through  the  entire  thickness  of  the  enamel,  al- 
though this  is  certainly  the  case  with  the  majority. 
Peculiar,  also,  are  the  decussations  of  the  enamel- 
prisms,  which  take  place  in  transverse  planes  of 
the  tooth  in  such  a  manner  that  not  separate 
fibres,  but  entire  band- shaped  layers  of  them  (cor- 
responding to  fine,  externally  visible  circular  lines, 
0*08"'  to  0-12"'  in  thickness),  extend  in  very 
various  directions  (each  layer  preserving  the  same 
direction),  from  the  dentine  as  far  as  the  outer 
surface  of  the  enamel;  which  arrangement  gives 
to  perpendicular  sections,  especially  after  they  are 
moistened  with  hydrochloric  acid,  a  peculiar 
striated  appearance  (fig.  122),  inasmuch  as  when 
so  treated,  alternate  darker  transverse  sections, 
and  lighter  longitudinal  aspects  of  the  prisms 
come  to  view.  Such  decussations  constantly  occur,  also,  upon  the 
masticating  surface,  and  layers  of  enamel  run  here  generally  in  an 
annular  form,  so  that  upon  the  molars  they  describe  circles,  and 
upon  the  cutting  teeth  ellipses;  but  towards  the  middle  of  the 
masticating  surface,  irregularities  of  these  lines  occur,  which  cannot, 
as  yet,  be  clearly  made  out.  To  be  distinguished  from  the  colourless 
striae,  which  indicate  the  above-described  stratified  arrangement  of 
the  enamel-fibres,  are  certain  brownish  lines  or  colourless  stria, 


Human  dentine  and 
enamel;  magnified  350 
times,  a.  Enamel-cu- 
ticle; b.  enamel-fibres, 
with  fissures  between 
them  and  transverse 
lines;  c.  large  cavities 
in  tlie  enamel ;  d. 
dentine. 
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wMch  cross  the  fibres  in  various  directions,  and  which,  on  perpen- 
dicular sections,  appear  as  obliquely  ascending  lines  or  arches 
(fig.  122);  on  transverse  sections,  as  circles  on  the  outer  layers  of 
the  enamel,  rarely  throughout  the  entire  enamel  —  lines,  which  I 
regard  as  being  the  expression  of  the  lamellated  mode  of  formation 
of  the  enamel. 

The  cuticle  of  the  enamel  is  a  calcified,  structureless  membrane, 
0-0004'"  to  o-ooo8'"  thick,  which,  upon  the  surface  directed  towards 
the  enamel,  is  furnished  with  small  depressions  for  the  reception  of 
the  extremities  of  the  enamel-fibres,  and,  from  its  great  capability 
of  resisting  chemical  re-agents,  forms  an  excellent  protection  for 
the  crown  of  the  tooth. 

§  139.  The  cement,  substantia  ostoidea  (fig.  119,  A,  c),  is  a  cortex 
of  true  osseous  substance,  which  covers  the  fangs  of  the  teeth,  and 
in  many-fanged  teeth,  not  unfrequently  cements  them  together.  It 
commences  as  a  very  thin  layer  where  the  enamel  ceases,  either 
simply  bordering  upon,  or  extending  for  a  small  distance  oyer  the 
latter,  becomes  thicker  as  it  descends,  and,  finally,  attains  its 
greatest  thickness  upon  the  ends  of  the  fangs,  and  upon  the  alveolar 
surfaces  of  the  molar  teeth  between  the  fangs.  In  man,  its  inner 
surface  is  very  intimately  connected  with  the  dentine,  without  any 
intermediate  substance,  so  that  very  frequently,  at  least  with 
higher  magnifying  powers,  the  boundary  of  the  two  is  not 
very  sharp.  The  outer  surface  is  very  closely  surrounded  by 
the  periosteum  of  the  alveoli,  less  firmly  by  the  gum,  and,  after 
detachment  of  these  soft  parts,  is  mostly  uneven,  often  circularly 
striated.  The  cement  is  the  least  hard  of  the  three  substances  of 
the  teeth,  and  is  almost,  chemically,  the  same  as  the  bones.  Bibra 

Organic  Substance  29-42  z^'^A- 

Inorganic  Substance       ....       yo'S^  6776 

lOO'OO  lOO'OO 

In  the  ox,  the  proportions  of  the  several  ingredients  were  — 

Phosphate  of  Lime  and  Fluoride  of  Calcium      .       .  5873 

Carbonate  of  Lime   7'^^ 

Phosphate  of  Magnesia   o'99 

Salts  

Cartilage       .       .       •    5' "3^ 

Fat   °"93 


lOO'OO 


298 


DIGESTIVE  ORGANS. 


[sect.  139. 


The  cement  is  readily  deprived  of  its  earthy  salts  by  acids,  and 
a  white  cartilage  remains  behind^  which  is  readily  separable  from 
the  dentine,  and  furnishes,  when  boiled,  ordinary  gelatine. 

The  cement,  like  the  bones,  consists  of  a  hasal  substance,  or 
matrix,  and  lacuna,  but  only  seldom  contains  Haversian  canals  and 
vessels.  Besides,  we  frequently  meet  with  special  canals,  similar 
to  those  of  the  dentine,  and  with  other  more  abnormal  cavities. 

The  basal  substance  is  sometimes  granular,  sometimes  striated 
in  the  transverse  direction,  sometimes  more  amorphous,  frequently 
lamellated  like  the  bones.  The  lacunse  possess  all  the  essential 
characters  of  those  of  the  bones,  so  that  a  detailed  description  of 


Fig.  126. 


Dentine  and  cement,  from  the  middle  of  the  fang  of  an  incisor  tooth.  «.  Dentmal  tube  ; 
b.  interglobular  spaces,  looking  like  lacnn^e ;  c.  finer  interglobular  spaces ;  d.  commence- 
ment of  the  cement,  with  numerous  closely-disposed  canals;  c,  lamelte  of  the  same; 
/.  lacmce;  g.  canaliculi.    Magnified  350  times.   Of  man. 


them  may  be  omitted.  Their  only  peculiarities  are  their  very 
variable  number,  form,  and  size  (0*005'''  to  o'oa'",  even  0-03'"  in 
diameter),  and  the  unusual  number  and  length  (up  to  0-03'")  of 
their  processes.  These  often  appear  in  the  form  of  plumules  and 
pencils,  and  serve,  when  the  lacunse  are  not  isolated,  both  to  con- 
nect these  cavities  with  each  other,  and  to  form  anastomoses  with 
the  extremities  of  the  dentinal  canals.  In  the  thinnest  part  of  the 
cement,  towards  the  crown,  the  lacunje  are  always  entirely  wanting. 
They  generally  begin  to  appear  towards  the  middle  of  the  fang ; 
are,  however,  at  first,  few  and  isolated,  but  become  more  and  more 
numerous  towards  the  extremity,  and  then  not  unfrequentiy  lie 
very  regularly  in  series  in  the  cement,  just  as  in  the  outer  layers 
of  the  cylindrical  bones.  The  most  of  their  processes  are  directed 
outwards  and  inwards,  which  occasions  an  uniform  fine  transverse 
striation  of  the  cement. 

The  thick  layers  of  cement  of  old  teeth  possess  large  numbers 
of  lacunce,  but  they  are,  for  the  most  part,  very  irregular,  and  have 
especially  an  elongated  form.  Many  lacunm,  either  separately  or 
in  groups,  are  half  or  entirely  surrounded  by  very  distinct  clear 
yellowish,  slightly  sinuous  borders,  which,  perhaps,  are  in  some 
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way  related  to  the  cells  from  which  the  lacuncB  are  formed.  In 
young  teeth,  Haversian  canals  do  not  occur  in  the  normally  thick 
cement ;  they  are,  however,  quite  common  in  old  teeth,  particularly 
in  the  molars  and  in  hyperostoses  of  the  teeth.  They  penetrate 
from  without  into  the  cement,  ramify  two  to  three  times,  and 
then  terminate  in  blind  extremities.  Their  width  is  too  small 
(0-003"'  to  0-0 1'")  to  contain  marrow  in  addition  to  the  blood- 
vessels, and  they  are  usually  surrounded  by  some  concentric 
lamellse,  as  in  the  bones. 

Besides  the  above  spaces,  the  ^'^"^Ü' 
cement  occasionally  contains  other  i  'P*"^'  fi|^  ^^/ 
peculiar  sinuous  cavities,  which  are 
certainly  of  a  pathological  nature 
(see  my  Micr.  Anat,  ii.  2,  p.  82, 
fig.  202)  ;  frequently  also  canals 
like  dentinal  canals  (fig.  127), 
which  are  sometimes  close  toge- 
ther, sometimes  more  isolated, 
occasionally  with  branches,  which 
are  frequently  connected  with  the 

terminations  of  the  dentinal  canals        cement  and  dentine  of  the  fang  of  an  old 

human  tooth,    a.  dental  cavity ;  6.  dentme  ; 
and  the  processes  OI  the  laCUnce.        c.  cement  with  lacunse  ;  e.  Haversian  canals. 

§  140.  The  soft  parts  of  the  teeth  comprehend  the  periosteum 
of  the  alveoli,  the  tooth-pulp,  and  the  gums.  The  periosteum  of 
the  alveoli  is  very  accurately  applied  to  the  surface  of  the  fangs, 
and  agrees  in  structure  with  the  periosteum  of  other  parts,  except 
that  it  is  softer,  and  contains  no  elastic  elements,  but  rich  plexuses 
of  nerves  having  numerous  thick  nerve-tubes. 

The  tooth-pulp,  piilpa  dentis,  or  the  festal  tooth-papilla,  which 
has  been  reduced  in  size  in  the  development  of  the  tooth,  rises  at 
the  bottom  of  the  socket  from  the  alveolar  periosteum,  penetrates 
into  the  fangs,  and  completely  fills  the  cavity  within  them  and 
the  crown,  as  a  solid  but  soft,  reddish  substance,  which  is  rich  in 
vessels  and  nerves,  and  everywhere  intimately  adherent  to  the 
inner  surface  of  the  dentine.  The  tissue  of  the  pulp,  in  so  far  as 
it  contains  vessels,  is  an  indistinctly  fibrous  connective  tissue  with 
very  numerous  round  or  elongated  nuclei  interspersed.  On  its 
surface,  and  seated  under  a  delicate  structureless  membrane,  there 
is  a  layer  0-02'",  o'os'"  to  0-04'"  thick,  which  consists  of  several 
rows  of  cylindrical  or  conical  nucleated  ceils,  0-012'''  long,  0-002'" 
to  0-003'"  broad,  disposed  perpendicularly  upon  the  surface  of 
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the  pulp  like  a  columnar  epithelium.  Further  inwards,  these  cells 
are  arranged  less  regularly,  and  at  length  pass  into  the  vascular  tis- 
sue of  the  pulp  without  well  defined  limits  by  the  medium  of  shorter 
and  more  roundish  cells.  These  cells  correspond  to  the  formative 
cells  of  the  dentine,  to  be  afterwards  described,  and  they  furnish  the 
materials  for  the  deposition  of  dentine  on  the  walls  of  the  dental 
cavity  which  may  occur  in  the  adult.  The  vessels  of  the  pulp  are 
extremely  numerous,  whence  its  reddish  colour.  From  three  to 
ten  small  arteries  pass  into  the  pulp  of  a  single  tooth,  which,  at 
length,  produce  both  in  the  interior  of  the  pulp  and  upon  the 
surface  of  the  pulp,  a  somewhat  loose  net-work  of  capillaries 
0-004 "  to  o-oo6"'  wide,  from  which  the  veins  then  arise ;  at  the 
surface  these  capillaries  here  and  there  present  evident  loops.  The 
tooth-pulp  does  not  appear  to  possess  any  lymphatics,  but  its  nerves^ 
are  extremely  well  developed.  Arising  from  the  well-known  nervi 
dentales,  there  passes  into  each  fang  a  trunk,  0-03'"  to  0-04'"  m  size, 
and,  together  with  it,  as  many  as  six  or  even  more  fine  twigs,  0*0 1'" 
to  0-02'",  which,  having  nerve-tubes  0'00i6'"  to  0-003'"  in  diameter, 
ascend  into  the  cavity  without,  at  first,  forming  any  considerable 
anastomoses,  but  giving  off  separate  fibrils,  and  in  the  thicker  part 
of  the  pulp  form  a  richer  and  richer  plexus,  with  elongated  meshes 
and  collections  of  nerve-tubes,  and  thus  gradually  break  up  into 
fine  primitive  fibres,  O'ooi'''  to  o-ooi6'''  in  diameter.  These  primi- 
tive fibres  form  very  evident  loops,  but  it  is  uncertain  whether  these 
represent  the  ultimate  terminations. 

The  gum,  gingiva,  is  that  part  of  the  mucous  membrane  of  the 
oral  cavity,  which  covers  the  alveolar  borders  of  the  jaws,  and 
embraces  the  necks  of  the  teeth.  It  is  a  light  red,  vascular  tissue, 
which,  owing  to  the  hard  subjacent  parts,  is  firm  to  the  feel, 
although  it  is  in  reality  soft,  and  which,  where  it  is  applied  to 
the  teeth  themselves,  attains  a  thickness  of  i'"  to  bears 
tolerably  large  papillae  (o'ls'"  to  0-3"')'  possesses  a  pavement 
epithelium  0-23'"  to  0-4'"  in  thickness  between  the  papillte.  I 
have  not  been  able  to  find  a  trace  of  glands  in  the  gum,  and  we 
must  be  careful  not  to  take  for  the  orifices  of  glands  certain 
rounded  depressions  of  the  epithelium,  o-o8'''to  0-15'"  in  diameter, 
with  cornified  epithelial  cells. 

§  141.  The  Development  of  the  Teeth.— The  development  of 
the  twenty  milk  teeth  begins  in  the  sixth  week  of  foetal  life,  with 
the  formation  of  a  groove  upon  the  upper  and  lower  maxillary 
border.    From  the  time  of  formation  of  these  grooves  up  to  the 
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tenth  week,  papilla  gradually  arise  in  them,  ten  in  each  jaw,  or 
twenty  in  all.    These  papillcB  or  tooth-germs  are  soon  separated  by 
transverse  partitions,  so  that  each  comes  to  lie  in  a  special  cavity. 
In  the  fourth  month,  these  cavities  become  narrower  and  nar- 
rower, the  papiUce  at  the  same  time  assuming  the  form  of  the 
subsequent  teeth ;  and,  at  length,  are  perfectly  closed,  but  in  such 
a  manner,  that  over  each  cavity  or  tooth-sac,  another  small  recess 
is  formed  as  cavity  of  reserve  for  the  twenty  anterior  permanent 
teeth,  of  which,  even  in  the  fifth  month  of  foetal  life,  the  tooth- 
germs  are  developed.    At  first,  the  new  cavities  lie  over  the  tooth- 
sacs  of  the  milk-teeth,  but  they  gradually  move  to  the  posterior 
side  of  them;  and,  when  the  bony  alveoli  of  the  milk-teeth  appear, 
are  received  into  small  dilatations  of  them,  which,  in  the  incisor 
and  canine  teeth,  become,  at  last,  completely  separate  from  the 
others,  in  the  two  first  molars,  on  the  other  hand,  open  at  the 
bottom  of  the  alveoli  of  the  milk-teeth.    The  tooth-sacs  of  all 
these  teeth  are  drawn  out  at  the  apex  in  form  of  a  solid  cord, 
which  extends  either  to  the  gum  or  on  the  two  first  molars,  to 
the  periosteum  at  the  bottom  of  the  two  milk-molars,  and  which 
has  incorrectly  been  considered  as  being  a  conducting  hd.nd.{guher- 
naculum)  of  the  teeth  in  their  eruption. 

With  respect  to  the  sacs  of  the  three  last  permanent  molars,  that 
of  the  first  arises  in  the  sixteenth  or  seventeenth  week,  quite  inde- 
pendently, from  the  posterior  extremity  of  the  primitive  dental 
groove,  and  closes  in  such  a  manner,  that  a  cavity  of  reserve 
remains  between  it  and  the  mucous  membrane  (my  Micr.  Anat., 
fig.  206).  In  the  seventh  or  eighth  month  after  birth,  the  cavity 
of  reserve  lengthens  and  extends  in  an  arched  form  behind  the 
first  sac  into  the  alveolar  border,  produces  upon  its  floor  a  papilla, 
upon  which  it  becomes  constricted,  to  form  with  its  lower  part 
the  sac  of  the  fourth  molar,  while  the  remaining  or  upper  part 
falls  into  a  line  with  the  other  sacs,  and  is  converted  into  the  sac 
of  the  wisdom  tooth. 

The  formation  of  the  milk-teeth  commences  in  the  fifth  month 
of  foetal  life,  and  in  the  seventh  month  they  are  all  in  process 
of  ossification.  The  ossification  begins  at  the  apex  of  the  tooth- 
pulp  by  the  formation  of  small  scales  of  dentine,  which  in  the 
molars  correspond  in  number  to  the  prominences  of  the  papilla, 
or  in  the  crown  of  the  future  tooth,  but  soon  coalesce  with  each 
other.  Immediately  after  the  appearance  of  a  dentinal  scale,  a 
thin  layer  of  enamel  also  arises  from  the  so-called  enamel  organ 
at  the  roof  of  the  tooth-sac  (see  m/m),  which  coalesces  with  the 
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dentine,  and  thus  forms  the  first  rudiment  of  the  crown.  The 
scale  of  dentine  extends  further  over  the  pulp  and  becomes  thicker, 
so  that  it  is  soon  seated  like  a  cap  upon  the  pulp,  and  lastly, 
embraces  it  closely  and  completely  like  a  capsule,  whilst  the  pulp 
becomes  smaller  and  smaller  the  more  the  ossification  advances. 
At  the  same  time,  the  deposition  of  enamel  follows,  and  soon  pro- 
ceeds from  the  entire  surface  of  the  enamel-organ,  becoming 
thicker  and  thicker.    Thus,  at  length,  the  whole  of  the  enamel 
is  formed  around  the  dentinal  rudiment  of  the  crown,  whilst  the 
enamel-organ  and  the  tooth-pulp  constantly  decrease  in  volume, 
until  the  former  is  reduced  to  a  thin  membrane,  and  the  latter 
approaches  the  proportions  which  it  exhibits  in  the  fully  developed 
tooth.    At  this  period,  there  is  still  no  trace  of  cement  or  of  the 
fangs;  it  is  not  till  the  crown  is  tolerably  far  advanced  in  de- 
velopment and  the  tooth  is  ready  for  eruption,  that  they  make 
their  appearance.    The  tooth-germ  now  grows  powerfully  in  the 
longitudinal  direction,  and,  the  enamel-organ  becoming  atrophied, 
only  dentine  is  deposited  upon  the  growing  part,  viz.,  the  root. 
The  tooth  thus  forced  upwards,  begins  to  be  pushed  against  the 
upper  wall  of  the  tooth-sac  and  the  gums  which  are  firmly  united 
with  it,  gradually  breaks  through  these  parts,  which  also  undergo 
spontaneous  absorption,  and,  at  length,  makes  its  appearance 
externally.    Now  the  gum  contracts  around  it,  whilst  the  re- 
maining portion  of    the  tooth-sac  becomes  closely  applied  to 
the  fangs,  and  is  converted  into  the  periosteum  of  the  alveolus. 
The  milk-tooth  is  completed,  i,  by  the  growth  of  the  fang  in 
its  due  length,  by  which  means  the  crown  rises  to  its  normal 
height ;  and,  2,  by  a  deposition  from  the  tooth-sacs,  which  now 
coalesces  with  the  periosteum  of  the  alveolus;  this  deposition 
begins  even  before  the  eruption  of  the  tooth,  and  is  converted  into 
the  cement,  whilst  at  the  same  time  the  tooth  becomes  still  more 
thickened  from  within,  and  the  germ  correspondingly  diminished. 
In  teeth  with  several  fangs,  the  originally  simple  germ  becomes, 
during  its  elongation,  divided  at  its  base  or  adherent  part,  and  a 
fang  is  then  developed  around  each  division.    The  eruption  of  the 
teeth  takes  place  in  the  following  order;  central  incisors  of  the 
lower  jaw  from  the  sixth  to  the  eighth  month ;  central  incisors  of 
the  upper  jaw  some  weeks  later ;  lateral  incisors  from  the  seventh 
to  the  ninth  month,  those  of  the  lower  jaw  first ;  anterior  molars 
from  the  twelfth  to  the  fourteenth  month,  those  of  the  lower  jaw 
first ;  canine  teeth  from  the  sixteenth  to  the  twentieth  month ; 
second  molars  between  the  twentieth  and  the  thirtieth  month. 
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The  permanent  teeth  are  developed  exactly  in  the  same  manner 
as  the  milk-teeth.    Their  ossification  commences  in  the  first  large 
molars  some  time  before  birth,  proceeds  in  the  first,  second  and 
third  year  upon  the  incisors,  canines  and  small  molars,  and,  at 
length,  also  involves  the  second  large  molars,  so  that  in  the  sixth 
or  seventh  year,  forty-eight  teeth  are  contained  in  the  two  jaws, 
viz.,  twenty  milk-teeth  and  all  the  permanent,  except  the  wisdom 
teeth.    In  the  shedding  of  the  teeth,  the  bony  partitions,  which 
separate  the  alveoli  of  the  permanent  from  those  of  the  milk- 
teeth,  are  absorbed,  and  at  the  same  time  the  fangs  of  the  latter 
disappear  from  below  upwards,  in  consequence  of  a  process  not 
yet  exactly  understood.    Thus  the  permanent  teeth,  whose  roots 
meanwhile  elongate,  come  to  lie  directly  under  the  loosened 
crowns  of  the  milk-teeth,  which,  on  the  further  advancement  ot 
their  successors,  fall  out  and  give  place  to  them.    The  eruption  of 
the  permanent  teeth  takes  place  in  the  following  order :  first 
large  molar  in  the  seventh  year,  central  incisor  in  the  eighth  year, 
lateral  incisor  in  the  ninth  year,  first  bicuspid  in  the  tenth,  second 
bicuspid  in  the  eleventh  year,  canine  tooth  in  the  twelfth  year, 
second  large  molar  in  the  thirteenth  year,  third  molar  or  wisdom 
tooth  between  the  seventeenth  and  nineteenth  years. 

The  gum  of  the  foetus,  and  especially  of  the  newly-born  infant, 
is,  before  the  eruption  of  the  milk-teeth,  whitish,  very  firm,  and 
almost  of  the  consistence  of  cartilage,  on  which  account,  perhaps, 
it  has  been  also  called  gum-cartilage,  although,  in  its  structure,  it 
has  not  the  slightest  resemblance  to  cartilage,  and  consists  of  the 
ordinary  elements  of  the  mucous  membrane,  with  a  considerable 
intermixture  of  a  more  tendinous  tissue.    The  bodies,  the  size  of 

a  millet- seed,  described  in  it  by  Serres,  and  which  are  said  to  be 
glands  which  secrete  tartar,  the  so-called  glanduU  tartaricce,  are 

collections  of  epithelium,  and  probably  of  a  pathological  nature 

(see  my  Micr.  Anat.  ii.  2,  p.  92) . 

The  tooth-sacs  have  an  envelope  of  connective  tissue  with  vessels  and 
nerves,  from  the  floor  of  which  the  tooth-germ,  pullM  dentis  arises.  _  This 
corresponds  in  form  to  the  future  tooth,  consisting  of  an  inner  part  rich  m 
vessels,  and  subsequently  also  in  nerves,  and  of  an  outer  non-vascular  por- 
tion The  latter  is  bounded  by  a  dehcate  structureless  membrane,  the 
mem-branaprcBformativa  (BascJiJww),  which  is  of  no  significance  m  the  forma- 
tion of  the  tooth;  and  beneath  the  membrane  are  cells  o-oi6  to  0-024 
long  and  o-ooz'"  to  0-0045'"  bi'oad,  with  beautiful  vesicular  nuclei,  and  one 
or  more  distinct  nucleoh,  which  are  placed  close  to  one  another,  like  an 
epithelium  upon  the  whole  surface  of  the  pulp  ;  they  are  not,  however,  so 
sharply  limited  internally  as  an  epithelium,  and  there  is  at  least  apparently 
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a  gradual  transition  hj  means  of  smaller  cells  between  them  and  the 
parenchyma  of  the  pulp.    Nevertheless  in  more  vascular  tooth-pulps,  a 


Fig.  128. 

A.  B 


A.  Tooth-sac  of  the  second  incisor  of  an  eight  months  human  foetns,  seen  on  its  broad 
surface;  magnified  7  times,  a.  Tooth-sac;  b.  enamel  pulp;  c.  enamel  membrane ;  d. 
enamel :  e.  dentine  ;  /.  dentinal  cells  ;  g.  boundary  of  the  dentinal  scale  ;  h.  tooth-papillas ; 
i.  free  border  of  the  enamel-organ.  B.  First  incisor  of  the  same  embryo  seen  edgeways. 
Letters  as  above  ;  d.  dentinal  scale  in  toto  ;  k.  nerve  and  vessel  of  the  papilla. 

certain  limitation  arises  from  this,  that  the  capillary  loops  of  the  vessels  do 
not  pass  in  between  the  cylindrical  cells,  but  terminate  close  to  each  other, 
underneath  them,  so  that  the  designation  of  the  layer  of  cells  in  question  as 
the  dentinal  membrane,  membrana  eboris  appears  to  be  warranted,  especially 
as  these  cells  really  yield  the  dentine. 

The  inner  imrts  of  the  pulp  consist  throughout  of  a  more  granular  or 
homogeneous,  but  subsequently  more  fibrous  matrix,  with  numerous  cell- 
nuclei  of  a  roundish  or  elongated  form,  which  is  to  be  regarded  as  a  kind 
of  connective  tissue.  At  the  period  of  ossification,  vessels  are  developed  in 
large  numbers  in  the  pulp,  and  the  most  numerous,  perpendicularly  deposed 
loops  of  capillaries  of  about  o-oo6"'  are  found  principally  upon  the  border 
of  ossification.  The  nerves  accompany  the  vessels,  but  are  developed  sub- 
sequently to  them.  Their  number  is  likewise  very  considerable,  and  their 
distribution  in  the  pulp  similar  to  that  in  the  fully  developed  teeth. 

The  enamel-organ,  organon  adamantmm,  embraces  with  its  inner  concave 
surface  the  tooth-pulp  in  its  entire  extent,  and  is  connected  at  its  outer  side 
with  the  tooth-sac,  but  in  such  a  manner,  that  it  possesses  a  very  small  free 
border  at  the  base  of  the  tooth-germ.  Its  structure  is  very  peculiar.  The 
principal  mass  consists  of  anastomosing  stellate  cells  (fig.  128  &.),  or  reticu- 
lated connective  tissue,  which  contains  in  its  interspaces  a  large  quantity  of 
fluid,  rich  in  albumen  and  mucus.  This  gelatinous  areolar  tissue  is  thickest 
immediately  before  the  commencement,  and  in  the  first  stages,  of  ossifica- 
tion.   Thus  in  the  fifth  and  sixth  months,  it  is  tIj  to  f  of  a  Vienna  line,  in 
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the  newly-born  infant,  or,  on  the  other  hand,  only  o-i6"'  to  0-2'".  At  this 
period,  it  also  possesses  vessels  in  its  outer  third ;  and^its  mesh-work  has 
become  metamorphosed  into 


true  connective  tissue  (fig.  129).    Upon  the 


inner  side  of  the  spongy  tissue  of  the  enamel- 
organ,  there  is  situated  the  so-called  enamcl- 
mevibrane,  mciiibrana  adamantince  {Baschkow),  a 
genuine  cylinder-epithehum,  with  cells  which 
measure  o-oi2"'  in  length,  0-002'"  in  breadth,  are 
finely  granular  and  delicate,  and  contain  elon- 
gated, round  nuclei,  often  situated  at  the  apices 
of  the  cells. 

The  development  of  the  tissues  of  the  tooth  has 
always  been  regarded  as  a  very  difficult  subject 
of  inquiry.  The  phenomena  appear  most  simple 
in  the  enamel,  and  all  authors  have,  hitherto, 
assumed  with  Schwann,  that  the  enamel-fibres 
are  nothing  else  than  the  ossified  cells  of  the 
enamel  membrane.  Huxley,  however,  has  re- 
cently asserted  (I.e.)  that  this  cannot  be  the 
case,  seeincj  that  the  enamel,  in  all  stages  of  its 
development,  is  covered  by  the  membrana  p^rce- 
formativa  of  the  dental  pulp,  and  separated  by  it 
from  the  enamel-m,embrane.  According  to  Huxley,  the  enamel  is  formed 
independently  of  the  enamel-membrane,  and  beneath  the  meml)rana  prceformativa, 

Fig.  130. 


Section 


the  enamel-organ 
from  the  sac  of  a  molar  tooth  of 
a  newly-born  infant;  magnified 
250  times,  a.  Dental  sac;  h.  vas- 
cular part  of  the  enamel-organ 
with  a  somewhat  denser  tissue  to- 
wards the  nnn-vascular  part  or 
the  spongy  tissue  corpus  spongi- 
osum ;  c.  d.  enamel  membrane. 


Section  of  the  crown  of  a  human  foetal  molar  tooth,  in  which  the  formation  of  the 
dentine  and  of  the  enamel  has  commenced  a  short  time  since,  a.  Tooth-pulp,  or  tooth- 
germ,  with  the  vessels ;  b.  so-called  dentinal  membrane,  consisting  of  dentinal  cells  ; 
c.  fully  formed  dentine  ;  d.  fully  formed  enamel;  e.  meynbr  ana  pro  formativa;  e.  mem- 
brana 'prceformativa  (enamel-epidermis)  after  treatment  with  acetic  acid.   After  Lent. 

which  is  finally  converted  into  the  dental  cuticle  of  the  fully-developed  tooth, 
discovered  by  Nasmyth;  still  he  confesses,  that  he  is  unable  to  give  any 
further  explanation  of  the  process.  Huxlefs  observations  have  been  re- 
peated by  one  of  my  most  able  pupils,  E.  Lent,  and  in  so  far  verified,  that 
undoubtedly  a  dehcate  structureless  membrane  may,  at  all  times,  be  separated 
from  the  surface  of  the  developing  enamel  when  treated  with  diluted  acids. 

X 
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which  membrane,  so  long  as  the  dentine  is  not  fully  formed,  is  continued  into 
the  mcmlrana  prcefo7^?nativa  of  the  tooth-puli?,  and  thus  gives  rise  to  the 
appearance  as  if  the  enamel  were  developed  beneath  the  memyrana  prcBfo^ma- 
tiva.  If  we  assume,  for  the  moment,  that  this  is  correct,  the  following  seem 
to  be  the  only  admissible  explanations  of  the  formation  of  the  enamel  : 

1.  The  enamel-fibres  are  produced  by  a  secretion  of  the  cells  of  the  enamel- 
membrane,  which  penetrates  the  meml)ranai}neformativa  in  a  fluid  condition, 
but  hardens  and  ossifies  beneath  it. 

2.  The  enamel-fibres  are  formed  by  the  dentine  from  an  exsudation  furnished 
by  the  dentinal  canals.  Of  these  two  possibilities,  the  second  is  of  such  a 
nature,  that  I  at  least  will  not  venture  to  enter  further  upon  it,  seeing  that 
according  to  this  view,  the  formation  of  regular  fibres  in  the  enamel,  its 
growth  in  thickness  by  means  of  the  apposition  of  new  layers  upon  its  outer 
surface,  are  facts  wholly  unexplained  ;  at  the  same  time  the  former  assump- 
tion, although  the  more  probable,  is  not  without  many  difficulties  (see  my 
Handhooh,  second  German  Edition). 

As  in  the  formation  of  the  enamel,  so  in  that  of  the 
dentine,  the  whole  of  the  pulp  is  not  concerned,  but  only 
the  outermost  epithelial-like  cell-layer  of  it,  and  I  deny 
that  the  whole  of  the  pulp  is  simply  converted  from 
without  inwards  into  dentinal  cells  and  ossified,  but  think 
it  far  more  probable,  that,  like  the  spongy  body  of  the 
enamel-organ,  it  serves  for  the  formation  of  the  dentine, 
only  by  sui3porting  the  vessels,  which  are  necessary  for  the 
growth  of  the  dentinal  cells.  Its  decrease  is  also  very  readily 
conceivable  without  assuming  an  ossification  of  it  from 
without  inwards,  and,  like  the  decrease  of  the  contents 
of  the  wide  Haversian  canals  of  foetal  bones  during  the 
formation  of  lamellae  upon  the  walls  of  the  canals,  is 
simply  owing  to  a  gradual  absorption  of  its  soft  tissue ; 
in  which  explanation  there  is  no  need  to  assume  that  its 
vessels  undergo  a  retrogressive  process,  in  any  consider- 
able degree. 

With  regard  to  the  formation  of  the  dentine  from  the 
dentinal  cells,  it  is  certain,  that  no  other  tissue  than  the 
cells  contributes  anything  "to  the  result,  and  Huxley  is 
decidedly  wrong  in  maintaining  that  no  histological 
element  of  the  pulp  is  concerned  in  the  formation  of  the 
tooth.  The  manner  in  which  the  cells  in  question  are 
transformed,  after  remaining  so  long  in  doubt,  appears,  at 
length,  to  have  been  really  cleared  up  by  the  investi- 
gations of  Lent.  Some  years  ago,  I  discovered  upon  the 
human  dentinal  cells  filamentous  processes  extending  into  the  young  dentine, 
which  I  supposed  to  be  dentinal  canals  ;  still  I  was  not  at  that  time  able  to 
raise  this  supposition  to  a  certainty.  This  has  been  done  by  Lent,  who  has 
succeeded  in  isolating  the  cells  in  question  with  complete  dentinal  canals 
prolonged  from  them,  in  growing  teeth  which  were  macerated  to  disinte- 
gration in  hydrochloric  acid.  This  once  established,  the  formation  of 
dentine  must,  as  Leiit  concludes,  be  conceived  to  take  place  in  the  following 
manner : — 


Isolated  dentinal 
cells  with  processes, 
i.e.,  dentinal  tubes. 
a.  of  man  ;  6.  of  the 
horse.   After  Lent. 
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I.  The  dentinal  canals  are  direct  processes  of  the  whole  dentinal  cells,  which 
processes  may  send  out  subordinate  branches,  and  anastomose  by  means  of 
them.  To  all  appearance,  a  single  cell  seems,  in  many  cases,  to  be  sufficient 
to  form  an  entire  dentinal  canal,  or  at  least  a  very  large  part  of  one. 

2  The  matrix  of  the  dentine  is  not  formed  of  the  dentine-cells,  but  is  a 
secretion  of  these  cells  and  of  the  tooth-pulp:  in  other  words,  an  intercellular 

Taking  all  these  facts  together,  it  results,  that  the  canals  of  the  dentine 
arise  by  the  direct  metamorphosis  of  a  histological  element  of  the  pulp,  viz., 
the  dentinal  cells,  whilst  the  matrix  of  the  dentine  is  to  be  regarded  as  a 
secretion  from  these  cells  and  the  vessels  of  the  pulp.  My  opinion  thus 
holds  a  middle  place  between  the  old  excretion-theory,  according  to  which 
the  whole  dentine  is  an  excretion  of  the  pulp,  and  the  theory  of  metamor- 
phosis, according  to  which  it  is  constructed,  entirely  and  alone,  out  of  certain 
histolocrical  elements  of  the  pulp.  On  the  other  hand,  I  cannot  accede  to 
the  deposition-theory  of  Huxley,  according  to  which  the  dentine  is  deposited 
in  the  pulp  without  any  of  the  histological  elements  taking  part  m  its 
formation  ;  but  I  agree  with  him  in  this,  that  the  formation  of  dentine  takes 
place  beneath  the  memljrana  prmformativa.  Moreover,  I  may  further  observe 
that  in  animals,  and  perhaps  in  man,  an  ossification  of  the  inner  part  of 
the  pulp  appears  to  occur  as  a  pathological  condition  ;  for  we  meet  with 
dentine  containing  vessels  (vaso-dentine,  Owen),  according  to  Tomes,  even  m 
man ;  and  in  the  teeth  of  certain  animals,  the  pulp  is  entirely  absent.  In 
such 'cases,  the  pulp  simply  ossifies,  probably  like  connective  tissue,  which 
also  agrees  very  well  with  the  fact,  that  the  vaso-dentine  much  more  resembles 
ordinary  bone  than  dentine. 

During  the  ossification  of  the  dentine  a  deposition  of  calcareous  salts  takes 
place,  at  least  in  man,  in  the  newly-arisen,  morphologically  characterised,  but 
still  Httle  hardened  dentine,  frequently  in  such  a  manner  that  the  ivhole 
appears  to  consist  of  isolated  glohiles.  These  globules,  which  are  seen  both 
in  the  primitive  scales  of  dentine  and  in  later  stages,— especially  at  the  border 
of  a  fang  of  a  larger  tooth,  when  viewed  from  the  outer  side,— subsequently 
disappear  when  the  formation  of  dentine  goes  on  normally,  calcareous  earth 
being  deposited  between  them,  so  that  the  dentine  becomes  quite  homo- 
geneous and  more  translucent  ;  in  the  opposite  case,  they  remain  persistent 
in  larger  or  smaller  numbers,  and  the  spaces  between  them,  which  are  merely 
the  above-mentioned  interglobular  spaces,  contain  incompletely  ossified 
dentine. 

ll\iQ  formation  oj  the  cement  proceeds,  according  to  my  obsei-^atioDS,  from 
that  part  of  the  tooth-sac  which  is  situated  between  the  pulp  and  the  enamel- 
organ,  and  commences  even  before  the  eruption  of  the  tooth,  as  soon,  indeed, 
as  the  fang  begins  to  be  formed.  At  this  period,  the  tooth-sac  becomes  elon- 
gated at  its  lower  part,  is  closely  apphed  to  the  developing  fang,  and,  from  its 
rich  network  of  vessels,  furnishes— as  the  periosteum  does  during  the  growth 
in  thickness  of  the  bones  — a  soft  blastema,  in  which  nucleated  cells  become 
developed,  and  which  then  immediately  ossifies.  Accordingly,  the  cement  is 
not  formed  by  the  ossification  of  the  tooth-sac  itself.  I  observed  the  first 
traces  of  it  in  newly-born  infants,  in  the  form  of  isolated  scales  of  an  elon- 
gated or  roundish  shape,  which  firmly  adhered  to  the  dentine  of  the  still  very 
short  fangs,  and  looked  exactly  like  the  developing  osseous  substance  in 

X  2 
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the  cranial  bones.  The  smallest  of  these  scales  presented  distinct  lacunse, 
and  had  a  slightly  yellow  colour,  but  were  still  quite  soft  and  transparent,  and 
passed,  at  the  borders,  imperceptibly  into  a  very  clear  blastema,  containing 
cells.  In  larger  ones  the  borders  were  similar,  but  the  middle  was  darker  and 
firmer  ;  and,  in  like  manner,  every  intermediate  condition  was  observed  up  to 
that  of  true  bone,  without  any  deposition  of  calcareous  granules.  As  the  fang 
lengthens,  new  bony  scales  like  the  above  make  their  appearance,  and  gra- 
dually coalesce  from  above  downwards  into  a  simple  layer,  upon  which,  then, 
new  bone  is  deposited,  in  the  same  manner,  from  without,  to  such  amount  as 
is  necessary  to  form  the  entire  thickness  of  the  cement. 

The  enamel-cuticle  must,  as  we  have  already  seen,  be  regarded  as  the  original 
meiribrana  frceformativa,  which  remains  during  the  formation  of  the  tooth, 
and  becomes  somewhat  thickened.  Upon  the  dentine,  the  menibrana  iyr(B- 
formativa  is  covered  by  the  deposition  of  the  cement,  and  is  afterwards  no 
longer  demonstrable  as  a  special  layer. 

If,  finally,  we  cast  a  glance  at  the  different  substances  of  the  tooth,  and 
their  position  relatively  to  each  other,  it  is  seen  that,  although  agreeing  in 
certain  respects,  they  cannot  be  brought  under  one  category.  Dentine  and 
cement  are  much  more  closely  related  to  each  other  than  to  enamel ;  and  the 
dentine  is  simply  osseous  tissue,  whose  matrix  is  pure  intercellular  substance, 
and  whose  cells  have  become  transformed  into  long  anastomosing  canals.  In 
many  cases,  also,  the  cement,  or  bone,  and  dentine  are  very  nearly  related. 
This  is  especially  the  case  when,  on  the  one  hand,  the  dentine  is  traversed  by 
numerous  Haversian  canals,  and,  on  the  other,  when  the  cement  possesses 
greatly  elongated  cells  with  numerous  processes,  and  also  vascular  canals,  or 
contains,  along  with  but  few  lacunae,  numerous  parallel  canals  like  dentinal 
tubes  ;  and  it  is  readily  conceivable  that  the  dentinal  canals  frequently  anas- 
tomose with  the  bone-cells  of  the  cement.  The  dentine  also  agrees  very 
much  with  the  cement,  and  the  bones  in  general,  in  its  manner  of  growth  ; 
and  the  pulp  may  be  compared  to  the  periosteum,  and  the  dentine-cells  to 
the  cell-layer  furnished  by  that  membrane.  The  enamel  may  be  most  fitly 
compared  with  dentine  which  contains  no  tubes,  such  as  that  which  is  met 
with  in  the  outermost  layers  of  the  teeth  of  fishes,  and  it  agrees  with  the 
matrix  of  the  dentine,  at  least  in  this  respect,  that  it  is  formed  by  an  excre- 
tion from  cells.  "When  canals  occur  in  the  enamel,  it  has  a  considerable 
resemblance  to  dentine  ;  but  these  canals  probably  have  quite  a  different 
signification  from  those  in  the  dentine,  namely,  that  of  cavities  produced 
by  absorption.  The  enamel  has,  for  the  most  part,  no  analogy  with  the 
cement ;  still  there  occurs  a  homogeneous  cement  with  an  indistinct  trans- 
verse striation,  which,  at  least  in  outward  appearance,  bears  some  resem- 
blance to  enamel,  and  is,  perhaps,  also  nearly  related  to  the  latter  in  its  de- 
velopment. On  considering  the  signification  of  the  parts  from  which  the 
different  substances  are  formed,  it  may  be  inferred,  that  the  dentine,  inasmuch 
as  it  is  formed  in  the  vascular  parts  of  the  oral  mucous  membrane,  is  a  true 
production  of  the  mucous  meinbrane,  that  the  enamel  is  an  epithelial  structure, 
and  that  the  cement  is  a  superadded  substance  furnished  by  the  mucous 
membrane. 

§  142.  Tlie  fully- developed  toothy  altliough  a  hard  structure,  is 
not  entirely  devoid  of  active  vitality,  as  is  best  shown  by  the 
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different  diseases  to  which  it  is  subject.    The  functions  of  the 
lacuna  of  the  bones  and  their  canahculi,  are  performed  here  by 
the  dentinal  canals  and  their  ramifications,  the  lacunse  and  canah- 
culi  in  the  cement,  and  the  spaces  between  the  prisms  of  the 
enameL    All  these  spaces,  during  life,  contain  a  fluid  which,  on  the 
one  hand,  comes  from  the  vessels  of  the  pulp,  and,  on  the  other, 
from  those  of  the  alveolar  periosteum,  and  furnishes  the  conditions 
necessary  for  a  change  of  material,  slow  though  it  be.    It  is,  for 
the  present,  impossible  to  state  exactly  how  the  change  of  substance 
is  effected;  still,  from  the  circumstance  that  the  fully-developed 
dentine  is  not  coloured  by  madder  {Hunter,  Flourens,  and  others; 
also  Henle,  p.  878),  we  may  conclude,  at  least,  that  the  change  is 
much  less  energetic  than  in  bones,  and,  perhaps,  takes  place  m  such 
a  manner  that  the  calcareous  earths  are  not  at  all,  or  only  very  slowly,^ 
renewed.    The  dentine  is,  doubtless,  best  provided  with  a  supply  of 
juices,  since  it  is  traversed  by  very  numerous,  anastomosing  canals; 
still  a  regular  circulation  of  these  fluids  is  no  more  admissible  in 
dentine  than  in  bone;  we  must  rather  assume  that  the  movement 
of  fluid  takes  place  sometimes  in  one  direction,  and  sometimes  m 
another,  according  to  the  degree  of  exsudation  and  absorption  by 
the  pulp,  and  of  the  waste  of  material  in  the  tooth  itself;  according 
also  to  the  amount  of  nutritive  matter  bestowed  on  the  enamel  and 
cement,  and  perhaps,  too,  of  that  which  is  given  off  by  these 
tissues  outwardly.   The  enamel  is,  indeed,  not  impermeable ;  but  it 
allows  fluid  to  pass  through  it  with  difficulty,  which  may  be  best 
understood  from  the  fact,  that  the  nerves  of  the  pulp  are  not 
affected  by  acids  so  long  as  the  enamel-covering  is  complete,  but 
readily  so,  when,  as  upon  the  incisors,  the  dentine  is  exposed.  The 
enamel  is  undoubtedly  the  hardest  of  the  dental  substances,  almost 
destitute  of  an  organic  basis,  and  without  a  constant  system  of 
canals.    Still  more  impenetrable  than  the  enamel,  is,  perhaps,  the 
enamel-cuticle,  which,  also,  is  with  great  difficulty  attacked  by 
chemical  agents;    and  these  two  substances   are,  accordingly, 
excellently  adapted  as  protecting  coverings  for  the  teeth.  The 
teeth  acquire  sensibihty  through  the  nerves  of  their  pulp,  and 
they  are  sensible  both  to  simple  contact,  and  to  heat  and  cold,  as 
well  as  to  chemical  influences.    Mechanical  impressions  of  low 
intensity  can  operate  only  when  propagated  to  the  pulp  by  vibra- 
tions of  the  dental  substance;  and  it  is,  therefore,  the  more  sur- 
prising, that  the  teeth  have  a  certain  sensibility  for  locality,  so  that 
we  can  distinguish  whether  they  are  touched  on  the  outside  or  in- 
side, above  or  below,  on  the  right  or  the  left.    The  tactile  sensibility 
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of  tlie  teetli  is  also  tolerably  fine^  especially  upon  tlie  masticating 
surface,  where  minute  foreign  bodies_,  as  hairs  or  grains  of  sand, 
are  distinguishable  when  the  masticating  surfaces  are  rubbed  upon 
one  another;  and  its  intensity  is,  at  any  rate^  exceedingly  great  in 
disease,  which  is  sufficiently  explained  by  the  large  supply  of 
nerves  in  the  pulp,  and  the  facility  with  which  they  may  be  com- 
pressed within  their  hard  enclosure. 

In  old  age,  the  teeth  become  denser,  the  cavity  of  the  pulp  gets 
filled  with  a  kind  of  irregular  dentine,  and  even  completely  obli- 
terated, which,  perhaps,  is  the  cause  of  the  natural  falling  out  of 
the  teeth.  In  certain  cases,  according  to  Tomes,  the  fangs  are 
found,  in  old  age,  transparent,  like  horn. 

Eespecting  the  pathological  conditions  of  the  teeth,  the  following  facts  may 
be  noticed.  In  exceptional  cases,  after  the  faUing  out  of  the  permanent  teeth, 
their  place  may  be  supplied  by  a  third  dentition  ;  but  milk-teeth  not  unfre- 
quently  remain  persistent  beyond  the  usual  period,  and  we  must  be  on  our 
guard  against  taking  a  retarded  second  tooth  for  one  of  a  third  set.  Extracted 
teeth  can  sometimes  be  re-implanted  with  success  (in  fifteen  months,  an  ex- 
tracted canine  tooth  of  the  upper  jaw  was  again  completely  fastened).  Teeth 
occur  as  an  abnormal  formation,  especially  in  the  ovaries,  but  also  in  other  parts. 
Fractures  of  the  teeth,  if  they  take  place  within  the  alveoli,  may  heal  by  means 
of  imperfect  dentine  or  cement ;  but  a  regeneration  of  worn-ofif  parts  is  met 
with  only  in  animals  (rodentia,  ^.^.),  in  which  the  teeth  grow  continually. 
Hypertroiyhij  of  the  cement,  so-called  exostosis,  also  dental  formations  upon 
the  walls  of  the  pulp-cavity  and  ossification  of  the  pulp  itself,  are  extremely 
frequent,  and  are  the  consequences  of  chronic  inflammations  of  the  periosteum 
of  the  pulp.  A  partial  disappearance  of  the  root  is  hkewise  not  unfrequent. 
Necrosis  of  the  teeth  takes  place  when  the  periosteum  is  detached  from  the 
tooth,  or  when  the  pulp  itself  has  perished  ;  and  in  this  condition  the  teeth 
become  rough  and  dark,  or  black,  and  fall  out.  The  true  nature,  as  well  as 
the  cause  of  caries  of  the  teeth,  is  doubtful.  It  attacks  false  as  well  as  living 
teeth  {Tomes),  and  always  commences  externally  and  from  the  enamel- 
membrane  {Ficinns) ;  whence  a  very  essential  share  in  its  production  has 
been  ascribed  to  the  fluids  of  the  mouth.  By  this,  however,  it  is  not  meant 
to  assert,  that  in  living  teeth  there  may  not  be  a  greater  predisposition  to 
caries  in  some  than  in  others,  possibly  because  some  peculiarity  in  their  che- 
mical composition  or  mode  of  nutrition  renders  them  less  capable  of  resist- 
ance. At  any  rate,  caries  is  not  merely  a  solution  of  the  teeth  by  the  fluids 
of  the  mouth,  for  a  putrefactive  decomposition  of  the  organic  parts  of  the 
tooth,  which  is  accompanied  by  the  development  of  infusoria  and  fungi,  goes 
on  at  the  same  time  ;  nay,  the  latter,  according  to  the  statements  of  Ficinus, 
appear  to  play  the  chief  part  in  this  process,  inasmuch  as  caries  proceeds 
principally  from  those  parts  of  the  tooth  where  the  organisms  in  question 
may  grow  undisturbed,  as  the  fissures  and  small  pits  in  the  enamel,  the  de- 
pressions on  the  crowns  of  the  molars,  and  the  crevices  between  the  teeth  ; 
but  not  in  other  places  where  the  dentine  may  have  been  exposed,  as  upon 
the  masticating  surface,  on  filed  parts,  etc.  In  caries,  the  discoloured  enamel- 
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cuticle  which  is  beset  with  the  growing  organisms  (an  infusorium,  similai.  to 
",Aich  Fieinus  calls  denticola,        fungi,  «.j,*»«/.r«    »o™?«  [ß  Z4 

Ä  r«„»,  first  loses  i^-f^^^r  tÄ  h^d'ch^^^ 

into  angular,  cell-like  particles,  as  if  it  had  been  treated  ™f  J'y'l'^«^'"™ 
acid    The  same  process  then  advances  through  the  enamel  to  the  dent  me 
Xavs  softening  it  first,  so  that  it  contains  only  ten  per  cent  of  ashes 
SL)  Id  tlen  disintegrating  it.    The  de:;tine  ^m  ht 

enamel  and  its  tubes  first  become  filled  with  the  fluid  arising  fiom  the 
d  Zp'osition,  which  may  be  conducted  to  the  pulp  and  cause  1^^<2 
as  Tomes  found,  the  dentinal  tubes  in  the  adjoining  healthy  portions  a  e 
blH ratecf  by  d;posit,  or  the  pulp  is  protected  by  a  -^-^>^;^^ 
in  the  cavity  (Fid'^us,  Tomes).  Subsequent  y,  a  browmsh  matter  ^^^^^^-'^ 
in  the  tubes,  and  then  the  intermediate  substance  ^'•7';«,,  f  "^JXrun  fl' 
In  this  manner,  the  process  of  destruction  advances  fur  her  ^""i  f'^«  ' ' 
at  length  the  crown  breaks  down,  and  the  fang  also  loosens  and  falls  on  . 

i  tui^Llthe  teeth  not  unfrequently  assume  a  shghtly  ye  low  «olo"'^ -t'cl 
is  fccasionally  almost  a^  deep  as  that  of  the  skin,  and  they  are  «a.d  to  be 
fteT  Tin 'suffocated  persons,  both  of  ^^''^K^'^^l^ZiZoTäl^^  Z 
plained  by  the  passing  of  the  colouring  matter  <>L .^''Y^^j^^'^^Vu  *«,  on 
dentinal  tubes.   In  rickets,  the  teeth  remain  unaffected    In  the  mucus  ipo 
tTtei^  Z  l,ptotJmccM^  to  be  found  growing  abundant^ 

n  a  fintly  granular  matrix,  which  surrounds  mucous  <'»n^-f\lo.e^.them 
rte!   i  ftwe  ^so  n^^^^^^^^^ 

consists  of:  earthy  phosphates,  79-0  ;  mucus,  iz  5  .  ptyalm,  .0  , 

the  method  of  preparing  them    1  ^^^^^^^^^^^       lie  for  about  eight 

soft  that  the  tubes  may  be    f '^"i' the  tooth-cartilage 

ÄTe;r^Äv:t:^i\rhr«- 

Xloric  acids,  a.d  some  hours  with  diluted  ca.i.tio  soda  and  V^^^^  ^^^^ 
OislZiones,  Tratislav,  ,835.   A.  EE.zms,  in  Müll.  Arc!..,  .837.  J-  Tomes, 
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A  Course  of  Lectures  on  Dental  Physiology  and  Surgery,  London,  1848. 
E.  Owen,  Odontograj)liy,  London,  1840 — 45,  1  vol.,  with  Atlas  of  150  plates, 
and  article  'Teeth,'  in  Cyclopcedia  of  Anatomy,  iv.,  p.  864.  Krukenberg, 
in  Müll,  ^rc^-.,  1849,  P- 40  3-  J.  Czermak,  in  Zeitschrift  f.  7V.  Zool,  1850, 
Bd.  IL  p.  295.  Arnold,  in  der  Salzburger  Med.  Zeitung,  183 1,  p.  236.  Easch- 
Kow,  Meletemata  Circa  Dentium  Mammalium  Evohitionem,  Vratisl.,  1835. 
GooDSiR,  in  Edhib.  3fed.  and  Surg.  Journal,  1838,  No.xxxi.  1  ;  and  Froriep's 
N'eue  Notizen,  Nos.  199,  200,  202,  203.  Marcüsen,  in  the  Bulletin  Phys.  Math, 
viii.  No.  20,  Petersburgh,  1850.  Hüxley,  in  the  Quart.  Journal  of  Microsc. 
Science,  i.  p.  149.  Lent,  in  Zeitschrift  f.  iv.  Zool.,  vi.  Hft.  i.  S.  J.  A. 
Salter,  in  Quarterly  Journal  of  Micr.  Science,  1853.  On  Ca.ries  of  the  Teeth 
the  following  may  be  consulted :— Tomes  (I.e.) ;  Ficinus,  in  Journal  für  Chi- 
rurgie von  Walther  und  Amnion,  1846,  p.  i  ;  and  Klenke,  Die  Verderbniss  der 
Zähne,  Leipzig,  1850.  A.  Pander,  De  Dentium  Structura  Diss,  inaug.  Pe- 
tro2Joli,  1856.  A.  Hannover,  Uber  die  Entwickelung  und  den  Bau  des  Sauge- 
thier zahnes,  in  Nova  Acta  Nat.  Cur.,  vol.  xxv.  p.  2.  Tomes,  in  Philos.  Transact., 
1856.  The  Comparative  Anatomy  of  the  Teeth,  with  reference  to  microsco- 
pical structure,  will  be  found  treated  in  the  above-cited  works  of  Eetzius 
and  Owen  ;  also  by  Erdl,  in  den  Abhandlungen  der  Math.  Phys.  Klasse,  der 
K'ön.  Bayer.  Ahad.,  Bd.  iii.,  Abth.  2.  Tomes,  in  the  Philos.  Transactions, 
1849-50  (Marsupiaha  and  Eodentia).  Agassiz,  Poissons  fossiles.  Henle 
and  J.  Müller,  Systcmat.  Beschreib,  der  Plagiostomcn,  1838. 

III.— Of  THE  Organs  of  Deglutition. 

I.  PHAEYNX. 

§  143.  "With  the  pharyiix,  the  digestive  tract  begins  to 
become  more  independent,  and  to  assume  a  special  layer  of  trans- 
versely striped  muscles,  the  constrictores  and  levatores,  whicli, 
however,  do  not  encircle  it  completely,  and  arise,  for  the  most 
part,  from  bones.  The  thickness  of  the  walls  of  the  pharynx, 
which  is  on  an  average  2'",  depends  chiefly  upon  this  muscular 
layer,  which  is  enveloped  externally  by  a  tense  fibrous  coat  of  con- 
nective tissue  and  elastic  fibres,  and  separated  internally  from  the 
mucous  memhrajie  by  a  layer  of  submucous  tissue.  The  mucous 
membrane  is  paler  than  that  of  the  oral  cavity,  and  differs  some- 
what in  structure  in  the  upper  and  lower  half  of  the  pharynx, 
In  the  latter  place,  i.  e.,  below  the  palato-pharyngeal  arches,  or  in 
the  part  through  which  the  food  passes,  it  possesses  a  pavement 
epithelium,  of  the  same  structure  and  thickness  as  that  in  the 
walls  of  the  oral  cavity.  Above  these  arches,  on  the  other  hand, 
—  consequently  upon  the  posterior  surface  of  the  soft  palate,  the 
superior  surface  of  the  uvula,  around  the  posterior  openings  of 
the  nares,  and  the  orifices  of  the  Eustachian  tubes,  and  upon  the 
vault  of  the  throat, — the  epithelium  of  the  pharynx  is  ciliated. 
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and  is  similar  in  nature  to  tliat  in  tlie  nose  and  larynx,  of  wliicli  a 
description  will  be  found  in  the  account  given  of  their  organs. 
In  this  upper  or  respiratory  section  of  the  pharynx  the  mucous 
membrane  is  also  redder,  thicker,  and  richer  in  glands,  but  other- 
wise of  much  the  same  structure  as  below,  except  that  here  no 
papilla?  are  met  with,  which,  however,  even  in  some  parts  of  the 
lower  section,  arc  but  little  developed  and  sparingly  present,  or 
even  wanting  altogether.  Compared  with  that  of  the  oral  cavity, 
the  pharyngeal  mucous  membrane  has,  as  I  find,  both  more 
abundant  and  stronger  elastic  tissue,  which,  in  the  deeper  layers, 
forms  very  dense  and  continuous  elastic  coats. 

The  pharynx  contains  two  kinds  of  glands :  ordinary  racemose 
mucous  glands  (see  above,  §  133);  and  follicular  glands.  The 
former,       to  i"'  in  size,  and  with  conspicuous  openings,  are  met 
with  especially  in  the  upper  part  of  the  pharynx,  where  upon  tlie 
posterior  wall,  in  the  neighbourhood  of  the  pharyngeal  orifices  of 
the  Eustachian  tubes,  and  upon  the  posterior  surface  of  the  velum, 
they  form  a  continuous  layer  ;  further  downwards,  they  decrease 
in  numbers  towards  the  oesophagus.    The  upper  vaulted  part  of 
the  pharynx  presents  both  simple        com}^o\m^  follicular  glaiids 
analogous  to  the  tonsils.    I  find  constantly  at  the  part  where  the 
mucous  membrane  is  firmly  attached  to  the  base  of  the  cranium, 
a  collection  of  glands,  i'"  to  4'"  thick,  and  extending  from  the  one 
Eustachian  tube  to  the  other,  which,  except  that  they  are  smaller, 
agree  in  all  essential  points  of  structure  with  the  tonsils  (see 
§  134).    Besides  this  mass  of  glands,  the  largest  of  which  are 
found  in  the  middle  of  the  roof  of  the  pharynx,  and  in  the  recess 
behind  the  opening  of  the  Eustachian  tubes,  —  and  which,  in  old 
people,  frequently  present  widened  cavities  filled  with  purulent 
matter,  whilst  in  children  and  new-born  infants  they  are  mostly 
hyperaemic  like  the  tonsils,  —  there  occur  around  and  upon  the 
openings  of  the  Eustachian  tubes,  also  towards  the  posterior 
openings  of  the  nares,  upon  the  posterior  surface  of  the  velum, 
and  the  lateral  walls  of  the  pharynx,  as  far  as  the  level  of  the 
epiglottis,  smaller  and  larger  folUcles  in  greater  or  less  number, 
whose  size  is  too  great  to  be  openings  of  mucous  glands,  and  which, 
probably,  have  the  same  structure  as  the  simple  follicles  of  the 
root  of  the  tongue,  and  receive  the  excretory  ducts  of  the  mucous 
glands. 

The  mucous  membrane  of  the  pharynx  is  rich  in  blood-vessels 
and  lymphatics.  The  former  form,  superficially,  a  rather  elongated 
mesh-work,  but  also  ascend  into  the  rudimentary  papillae  in  short 
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loops.  The  nerves  are  very  numeroas,  and  form  superficial  and 
deeper  plexuses ;  the  former  with  fine  fibres^  o'ooi'"  to  0"00i5"'  in 
diameter^  which  here  and  there  divide^  but  whose  ultimate  ter- 
mination is  lost  to  view. 

2.— OESOPHAGUS. 
§  144.  The  walls  of  the  oesophagus,  1^'"  to  if  thick,  consist 
externally  of  a  fibrous  coat  of  connective  tissue^  with  w^ell-marked 
elastic  fibres.  Then  follows  a  muscular  coat,  to  i"'  thick,  with 
an  outer  longitudinal  layer  of  fibres,  0-5'"'  thick,  and  an  inner 
circular  one,  0*24''' to  o" 3''',  which  lie  close  to  each  other.  The 
longitudinal  fibres  arise  by  two  bundles  from  the  constrictor 
infimus,  and  by  a  third  from  the  cricoid  cartilage ;  and  from  this 
pointj  both  layers  extend  as  far  as  the  stomach,  into  the  muscular 
coat  of  which  they  are  in  part  continued.  In  the  upper  third  of 
the  oesophagus,  as  far  as  its  entrance  into  the  thorax,  these  muscles 
are  transversely  striped,  and  occasionally  form  distinct  anasto- 
mosing bundles,  o'o^"  to  o'2^"  in  diameter.  Further  downwards, 
smooth  muscular  fibres  of  the  same  structure  as  in  the  intestine 
make  their  appearance,  first  in  the  circular  and  then  in  the  longi- 
tudinal layer,  and  increase  more  and  more  in  number,  till  at  last, 
in  the  lower  fourth,  the  smooth  fibres  form  by  far  the  majority. 
According  to  Ficinus,  however,  single  transversely  striped  fibres 
are  met  with  as  far  as  the  cardia.  Treitz  describes  the  longitudinal 
Fig.  132.  fibres  as  commencing  by  elastic 

fibres,  which  are  interposed  be- 
tween the  transversely  striped 
bundles.  Numerous  longitudinal 
bundles  also  branch  ofl^  from  the 
outer  surface  of  the  oesophagus, 
and  are  lost,  partly  among  the 
elastic  fibres  of  the  outer  coat, 
partly  on  the  neighbouring  or- 
gans, especially  on  the  poste- 
rior wall  of  the  trachea,  on 
the  left  mediastinum  [musculus 
pleiiro-oesophageus,  Hyrtl.),  or 
the  aorta  and  left  bronchus 
{musculus  broncho  -  oesophag  ens, 
Hyrtl^.      Most    internally  fol- 

Miiscular  fibre-cells  from  the  oesophageal  loWS     thc     palc - rcddish,  iufcri- 
mucous  membrane  of  the  pig,  after  treat-  ,         i        i  ^ 

ment  with  nitric  acid  of  20  per  cent.  Mag-  Orly  Whltlsh  mUCOUS  mcmorane, 
nified  150  times.  i  •  i       •  ,    t      p  ,i 

which   IS   separated    irom  the 
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muscular  coat  by  a  wliite  yielding  layer  of  submucous  connective 
tissue  {Tunica  nervea  of  older  writers).  Of  its  entire  thickness - 
whicli  amounts  to  0-36''' to  o-45^-o-i'"  to  o-i2- belongs  to  its 
vavement-epithelium,  which  presents  the  same  structure  as  m 
the  oral  cavity,  with  this  exception,  that  the  true  epithelial 
plates,  perhaps,  constitute  the  half  of  the  whole,  and  may  be 
stripped  off,  after  short  maceration  in  the  dead  body,  frequently 
without  further  preparation,  and  partly  along  with  the  deeper 
layers,  in  the  form  of  large  white  shreds.  The  proper  mucous 
membrane,  on  an  average  0-3^'' in  thickness,  possesses  numerous 
conical  papilla,  0-04"'  to  0-05"'  in  length,  and  consists  of  ordinary 
connective  tissue,  with  fine  elastic  fibres,  in  which,  however,  as 
Brücke  and  I  have  found,  a  large  number  of  smooth  muscular 
fasciculi  exist,  also  more  isolated  groups  of  ordinary  fat-cells  and 
small  racemose  mucous  glands. 

The  oesophagus  is  moderately  well  supplied  with  blood-vessels  and 
lymphatics;  the  former  form  simple  loops  in  the  papilla,  and  a 
moderately  wide  capillary  network  at  the  base,  as  on  the  pharynx. 
Nerves  are  also  observed  in  considerable  numbers  m  the  mucous 
membrane,  with  fine  fibres  o-ooi2'"  to  o'oo  15'"  in  diameter ;  still 
I  have  not,  hitherto,  succeeded  in  following  them  into  the  papillae, 
or  recognising  divisions  or  other  terminations  of  them. 

Literature.— C.Tn.To\JRTTJAL,  Nene  Untersuchungen  über  den  Bau  des 
Menschlichen  Schlund-  und  Kehlkopf  es,  Leipzig,  1846. 

IV.— Of  THE  Stomach  and  Intestines. 

§  145.  This  portion  of  the  alimentary  tract  is  the  most  free  in 
its  position,  and,  throughout  nearly  its  whole  extent,  is  supported 
in  the  great  cavity  of  the  abdomen  by  special  ligaments,  named 
mesenteries.  The  walls  of  its  several  divisions,  excepting  a  small 
portion  of  the  rectum,  are  everywhere  formed  of  three  coats— 
namely,  a  serous,  furnished  by  the  peritoneum,  a  muscular  of  two 
or  even  three  layers,  and  a  mucous  — contain  m  the  latter 
very  numerous  glandular  structures,  which  are  divisible  into 
three  groups,  racemose  mucous  glands,  tubular  glands,  and  closed 
follicles. 

§  146  The  peritoneum  is  considerably  thicker  and  firmer  in  its 
outer  or  parietal  layer  than  in  the  inner  or  visceral  (m  the 
latter,  0-02'"  to  0-03'"^  in  the  former,  0-04"'  to  o-o6''')^  it  presents, 
however,  in  both  parts  essentially  the  same  structure,  and  consists 
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principally  of  connective  tissue^  in  distinct^  variously  decussating 
bundles,,  and  numerous  networks  of  elastic  fibres,  which  are  thicker 
in  the  parietal  portion.  A  loose  subserous  connective  tissue,  with 
niore  or  less  fat^  connects  the  peritoneum  with  subjacent  parts, 
or  holds  its  layers  together  where  the  membrane  forms  folds^  as 
in  the  mesentery.  Under  the  visceral  layer^  however,  the  sub- 
serous connective  tissue  is,  except  in  certain  places  [colon,  ap- 
pendices epiploicae),  but  little  developed^  or  even  not  at  all 
demonstrable,  as  in  certain  peritoneal  ligaments.  The  free  surface 
of  both  peritoneal  lamellse  is  covered  by  a  simple  pavement- 
epitheliunij  whose  slightly  flattened,  polygonal^  nucleated  cells 
amount  on  an  average  to  o"Oi'"  in  diameter,  and  are  so  firmly 
united  together,  that  the  free  surface  of  the  serous  membrane 
appears  perfectly  smooth,  and^  from  its  being  always  moistened, 
also  shining. 

The  blood-vessels  of  the  peritoneum  are,  in  general^  few.  They 
are  most  numerous  in  the  omenta  and  in  the  visceral  layer,  also 
in  the  subserous  tissue,  in  which  latter  alone,  lymphatic  vessels 
have,  hitherto,  been  demonstrated.  The  jierves  also  are  not  very 
numerous ;  they  may  be  shown  especially  in  the  omentum,  the 
mesentery,  on  the  diaphragm,  and  the  spleen,  and  in  the  hepatic 
ligaments,  to  Avhicli  they  may  be  traced  from  the  phrenic,  in 
company  with  the  arteries. 

§  147.  Muscular  Coat. — All  parts  of  the  alimentary  tract,  from 
the  stomach  to  the  rectum,  possess  a  special  muscular  coat,  which, 
however,  does  not  everywhere  present  the  same  conditions. 

In  the  stomach,  the  muscular  coat  is  not  everywhere  equally 
thick;  at  the  fundus  it  is  very  thin  [l'"  to  \'''),  in  the  middle, 
about  in  the  pyloric  region,  -|'"  or  even  1"  thick.  It  consists 
of  three  incomplete  layers,  viz.,  ist,  most  externally,  longitudinal 
fibres :  these  consist  of  fibres  radiating  from  the  longitudinal  fibres 
of  the  oesophagus  (those  on  the  small  curvature  extending  to  the 
pylorus,  whilst  the  others  run  out  free  upon  the  anterior  and 
)Osterior  wall  of  the  stomach  and  upon  the  upper  side  of  the 
undus),  and  of  independent  fibres  upon  the  right  half  of  the 
itomach,  from  which  part,  tensely  stretched,  they  pass  upon  the 
duodenum :  2nd,  circular  fibres,  which  pass  from  the  right  side  of 
the  cardia  onwards  as  far  as  the  pylorus,  where  they  are  thickest, 
and  form  the  sphincter  pylori,  as  it  is  termed :  3rd,  oblique  fibres, 
most  internally,  which,  being  connected  with  certain  circular 
bundles  at  the  fundus,  embrace  that  part  in  form  of  loops,  and 
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run  ol^liquely  upon  the  anterior  and  posterior  wall  of  the  stomach 
towards  the  larger  curvature,  where  they  are  partly  attached  by 
elastic  tendons  {Treitz)  to  the  outer  surface  of  the  mucous  mem- 
brane, and  partly  connected  with  each  other  (see  the  excellent 
figures  in  Beau  and  Bonamy,  iii.,  PL  14) • 

In  the  small  intestines,  the  muscular  coat  is  somewhat  thicker 
upon  the  duodenum  and  the  upper  parts  than  on  the  lower 
generally  r  to  i'",  and  is  composed  only  of  longitudmal  and 
transverse  fibres.    The  former  are  always  thinner,  and  do  not 
form  a  complete  layer,  since  they  are  very  scanty,  or  even  entirely 
absent  on  the  mesenteric  border.    They  are  usually  most  distmct 
on  the  free  border;  still,  even  here,  they  are  hable  to  be  easily 
stripped  off  with  the  peritoneum,  so  that  the  circular  layer  is 
exposed     The  latter  is  complete,  enters  into  the  folds  of  the  ileo- 
colic valve  (valvula  Bauhini)  but  not  into  the  folds  of  Kerh-mg 
(valvule  conniventes),  and  consists  of  circular  fasciculi,  which  not 
unfrequently  join  together  at  acute  angles.  The  musciilus  suspenso- 
rius  duodeni  (Treitz)  is  a  smooth  muscle       inch  long  about  i 
inch  broad,  and  i'"  thick,  which  arises  from  the  upper  border  ot 
the  duodenum  at  the  lower  end  of  the  latter,  and  passes,  by  means 
of  elastic  tendons,  into  the  dense  connective  tissue  surrounding 
the  coeliac  artery,  and  is  also  connected  with  slips  coming  from 
the  inner  pillars  of  the  diaphragm  (1.  c.  tab.  11 ). 

Upon  the  large  intestine,  the  longitudinal  fibres  are  reduced  to 
the  three  ligamenta  coli.  These  are  muscular  bands,  4'"  to  6"'  or 
even  8'^'  broad,  and  ^  to  T  tliick,  ^^ich  commence  upon  the 
ccECum  and  coalesce  upon  the  sigmoid  flexure  into  two  bundles 
situated  on  the  right  and  left,  which,  in  conjunction  with  special 
independent  fibres,  form  the  longitudinal  muscular  layer  of  the 
rectum  Beneath  these  ligaments,  there  is  situated  a  continuous 
circular  layer  of  fibres,  which  is  thinner  than  upon  the  small 
intestine,  and  particularly  developed  in  the  duphcatures,  well 
known  under  the  name  of  plica  sigmoidea. 

The  rectum  has  a  muscular  layer  upwards  of  i'"  m  thickness, 
in  which  the  longitudinal  and  at  the  same  time  thicker  fibres  are 
situated  externally,  and  the  circular  fibres  internally.  The  lower, 
somewhat  thicker,  termination  of  the  circular  muscular  coat  forms 
the  spliincter  ani  internus,  with  which  the  transversely  striped 
sphincter  externus  and  levator  ani  are  connected.  The  longitudinal 
fibres  terminate,  according  to  Treitz,  with  elastic  tendons  which 
are  partly  inserted  into  the  pelvic  fascia,  partly  penetrate  the 
spUncter  ani  externus,  and  are  lost  in  the  subcutaneous  tissue  of 


31  8       MUSCULAR  COATS  OF  ALIMENTARY  CANAL.    [sECT.  147. 


Fig.  133. 


tlie  region  of  tlie  anus.  Nevertheless,  the  longitudinal  muscular 
layer  beneath  the  pelvic  fascia  is  thicker,  which,  according  to 
Treitz,  is  owing  to  the  additional  fibres  coming  from  the  fascia_, 
the  levator  and  the  coccyx  [musculus  recto-coccygeiis,  Treitz),  some 
of  which  also  become  intermingled  with  the  circular  muscular 
fibres. 

All  the  muscles  of  the  proper  intestine  belong  to  the  smooth  or 
unstriped  (vegetative,  organic)  muscles^  as  they  are  termed  (see 
§  29).  Their  elements^  or  the  fibre-cells,  are  fusiform,  0*002'"  to 
0"003''",  broad  in  the  middle  and  flattened,  0'o6'"  to  o'l'"  long,  pale 
and  homogeneous,  with  a  nucleus  o"Oo6'''  to  o"oi2'"  long,  o-ooi'" 
to  0*0028'"  broad,  which,  according  to  Lehmann,  is  invisible  in 
muscles  which  have  been  macerated  in  water,  and,  according  to 
Henle,  completely  disappears  on  commencing  putrefaction;  which 
phenomenon  I  am  disposed  to  ascribe  to  the  escape  of  the  nuclei 
from  the  fibre-cells,  which  happens  with  extreme  facility.  Many 
of  the  fibres  are  marked  with  nodular  swellings,  frequently,  also, 
by  zig-zag  curvatures,  which  are  especially  frequent  in  alcohol-pre- 
parations, and  occasion  the  transversely  handed  appearance  of  the 

entire  fasciculi  of  such  muscles.  The 
fibre-cells  of  the  different  muscular 
strata  are  ranged  alongside  each  other, 
and  cohere  longitudinally  and  trans- 
versely, so  as  to  form  slender  mus- 
cular bands,  which  then,  being  severally 
enveloped  in  some  connective  tissue, 
aud  frequently  united  into  thicker 
bundles,  form  the  thicker  or  thinner 
muscular  coats  of  the  different  regions, 
which  coats  are  themselves  likewise 
invested  by  considerable  layers  of  con- 
nective tissue,  and  separated  from  the 
neighbouring  parts. 

The  blood-vessels  of  the  smooth 
muscles  are  very  numerous,  and  their 
capillaries,  0*003"'  O'oo^"  broad, 
form  a  well-characterised  network  with 
rectangular  meshes.  Nothing  is  known 
about  the  lymphatics  of  the  muscles  themselves ;  and  the  condition 
of  the  nerves  is  likewise  unascertained,  except  that  Echer  observed 
divisions  of  fine  nerve-fibres  in  the  muscular  coat  of  the  stomach  of 
the  frog  and  rabbit. 


Blood-vessels  of  the  smooth  mus- 
cular fibres  of  the  intestine,  from  an 
injection  ^äy  Gerlach.  Magnified  45 
times. 
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MUCOUS  MEMBRANE  OF  THE  STOMACH. 
§  148.  In  tlie  stomach,  the  mucous  membrane  is  soft  and  lax, 
and,  during  digestion,  bright  greyish-red  in  colour,  passing  into 
rose-red,  excepting  a  small  grey  zone,  |  of  an  mch  broad,  at  the 
pylorus,  with  sometimes  a  corresponding  one  upon  the  cardia ;  at 
other  times,  it  is  greyish.  In  the  empty  stomach,  the  inner  surface 
presents  folds,  mostly  longitudinal,  which,  however,  become  effaced 
when  the  organ  is  filled.  Besides  these  larger  plicae,  there  are, 
especially  in  the  pyloric  part,  around  the 
openings  of  the  tubular  or  gastric  glands, 
small  reticulated  folds,  or  even  isolated  villi 
{pliccü  villosw,  Krause),  0-024'"'  to  0-048'",  or 
even  O'l'"  in  height  (J/'  to  -fo".  Krause). 
Moreover,  the  mucous  membrane,  especially 
in  the  right  part  of  the  stomach,  is  not  un- 
frequently  divided  by  shallow  depressions  into 

slightly  raised  polygonal  spaces,  I'",  i^'",  to 

2'"  in  diameter ;  which,  so  called  '  Etat  mame- 

lonn6'  of  pathological  anatomists,  may  be 

found  in  perfectly  healthy  stomachs.  The 

mucous  membrane  is  thinnest  (!'"  to  I'")  at 

the  cardia,  becomes  thickened  in  the  middle 

up  to       and  in  the  pyloric  part  reaches  |'" 

and  i'"— a  difference  which  is  entirely  to  be 

ascribed  to  its  layers  of  glands,  inasmuch  as 

its  epithelium  and  muscular  layer  have  every- 
where nearly  the  same  thickness.  The  sub- 
mucous tissue  is  abundant,  and  contains,  as 

throughout  in  the  intestine,  separate  fat-cells. 


rerpendicular  section 
tlu-ougli  the  coats  of  the 
stomach  of  the  pig,  from  the 
pylorus  ;  magnified  30  times. 
a.  Glands.  b.  Miisc^ilar 
layer  of  the  mucous  mem- 
brane, c.  Submucous  tissue 
{tunica  nervea),  with  cut 
vessels,  d.  Transverse  mus- 
cular layer,  e.  Longitudmal 
muscular  laminse.  /.  Serous 
membrane. 


§  149.  Glands  of  the  Stomach.— The  glands 
of  the  stomach  are  divisible  into  mucous  and 
peptic  glands.  The  latter,  the  most  important  parts  of  the  mucous 
membrane,  anpear  in  two  forms,  which,  however,  are  not  to  be 
regarded  as  sharply  distinguished.  The  one  set,  or  the  sirnjyle 
tubular,  lie  in  the  large  middle  zone  of  the  stomach,  which  is 
bright  red  during  digestion,  and,  lying  close  to  each  other  and 
preserving  a  tolerably  straight  direction,  extend  through  the  entire 
thickness  of  the  mucous  membrane  as  far  as  its  muscular  coat. 
They  are,  consequently,  according  to  the  region  of  the  stomach. 
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to  I"',  or  even  f''  •  on  an  average,  I'''  long.  They  always  begin  in 
groups  of  several  together  at  the  bottom  of  very  shallow  depressions 
of  the  surface  of  the  stomach,  which  scarcely  deserve  to  be  ranked 
among  the  glands,  as  cylindrical  tubes,  0-03'"  to  0-04'''  in  breadth, 
which,  in  their  passage  downwards,  often  become  narrowed  to 
0-014'"  to  0-02''',  and  terminate  with  a  flask  or  club-shaped  en- 
largement, 0-02'"  to  0-026'"'  or  0-036'"  in  diameter.  The  lower 
third  of  the  glands,  especially  in  the  neighbourhood  of  the  pylorus, 
is  mostly  of  serpentine  form,  frequently  even  spirally  twisted ;  and 
it  is  frequently  divided  into  two  short  branches ;  upon  the  lower 
two-thirds  of  the  glands,  also,  one  or  more  short  blind  appendages 
are  not  unfrequently  met  with.  Nevertheless,  apart  from  the 
simple  slight  dilatations,  which,  undoubtedly,  are  very  common, 
but  which  must  be  distinguished  from  true  blind  appendages,  a 
decided  majority  of  the  glands  of  this  region  are  simple;  and 
glands  which  might  be  correctly  called  racemose,  do  not  occur  in 

it.  Each  gastric  gland  is  surrounded 
by  a  delicate  memhrana  propria,  and 
is  filled  with  the  so-called  peptic  cells 
—finely  granular,  polygonal,  nucleat- 
ed cells,  o-oo6"'  to  0-0 1'"  in  size — 
which,  sometimes  in  form  of  a  simple 
epithelium,  surround  a  narrow  cavity, 
sometimes  completely  fill  the  tubes  of 
the  memhrana  propria,  and  at  the  bot- 
tom of  them  invariably  have  less  dis- 
tinct cell-walls  than  in  the  upper 
parts. 

A  narrow  zone  upon  the  cardia 
contains  compound  tubular  gastric 
glands  (fig.  135).  They  begin  with  a 
duct,  0-04'"  to  o-o8'"  long,  0-03'"  to 
0-04'"  broad  (stomach -cell,  Todd  and 
Boicmai)),  which  is  lined  by  epithe- 
lium-cylinders, and  then,  almost  as 
from  a  point,  divides  first  into  two  or 
three,  and  then  into  from  four  to  seven 
nearly  equally  long,  cylindrical  tubes, 
beset  or  filled  with  peptic  cells ;  these 
tubes  then  run  parallel  to  each  other  into  the  deeper  portion  of  the 
mucous  membrane.  Moreover,  the  glands  in  question  are  especially 
characterised  by  the  extremely  numerous  and  very  considerable  simple 


Fiff. 135. 


Compound  peptic  gland  from  the  hu- 
man stomach,  magnified  100  times.  1. 
Common  excretory  cavity  (stomach-cell, 
fodd  and  Bowman) ;  2.  the  tuhes  with 
peptic  cells. 
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dilatations  of  their  terminal  tubes,  whicli  give  tliem  a  peculiar 
irregular  varicose  appearance,  and  by  the  fact  that  these  peptic 
cells  frequently  contain  small  fat-globules,  which  give  the  extre- 
mities of  the  glands  a  dark  aspect.  Together  with  these  glands, 
others,  simple  in  form,  seem  to  occur  sparingly;  on  the  other 
hand,  true  racemose  glands,  with  arborescent  ramification  of  the 
excretory  duct  and  roundish  terminal  vesicles,  are  wholly  absent, 
although  they  are  met  with  in  the  last  portion  of  the  mucous 
membrane  of  the  oesophagus. 

The  mucous  glands  of  the  stomach  are  found  only  at  the  pale 
pyloric  zone ;  they  are  of  the  compound  tubular  kind,  and  com- 
pletely resemble  the  above-described  in  their  fundamental  form, 
except  that  the  tubes  are  larger  in  all  their  parts.  On  the  other 
hand,  peptic  cells  are  wholly  wanting,  and  even  the  terminal 
tubes  of  the  glands,  here  perfectly  cylindrical,  are  filled  with 
short  epithelium-cylinders,  in  which,  as  at  the  cardia,  there  are 
mostly  contained  fat-granules.  Simple  glands  are  absent;  but, 
according  to  Bonders,  true  racemose  glands  appear  to  occur,  in 
certain  cases,  close  to  the  pylorus. 

In  animals,  as  Todd  and  Borvvum  first  showed  in  the  dog,  and  then  Bonders 
and  I  in  many  other  mammaUa,  the  glands  of  the  stomach  are  always  of  a 
double  kind  — glands  with  cylindrical  epithehiim,  and  gastric  glands, 
with  cells  similar  to  those  found  in  man.  A  detailed  description  of  some  of 
the  forms  is  contained  in  my  Micr.  Anat.  ii.,  2,  p.  140,  and  Bonders  (1.  c). 

To  the  two  forms  of  the  glands  of  the  stomach,  two  differentkj  acting  secre- 
tions corresjmnd,  a  fact  which  was  first  pointed  out  by  Wasmann,  and  which 
has  been  placed  beyond  all  doubt  by  myself  (3Iicr.  Anat.  ii.,  2),  and  also  by 
Bonders  (1.  c).  In  the  dog,  as  also  in  ruminantia,  in  the  horse,  hare,  cat,  and 
raMit,  glands  with  cyhndrical  epithelium  are  found  at  the  pylorus,  and 
glands  with  roundish  cells  in  all  the  other  parts  of  the  stomach ;  whilst  in 
the  2)ig,  the  latter  are  found  only  in  the  middle  of  the  stomach,  especially  at 
the  large  curvature.  A  series  of  experiments  on  artificial  digestion,  which 
I  made  in  conjunction  with  H.  Göll,  of  Zurich,  especially  on  the  gastric 
mucous  membrane  of  the  pig,  clearly  showed  that  the  two  kinds  of  glands 
entirely  differ  in  respect  of  their  solvent  power  ;  in  as  much  as  those  with 
round  cells  dissolved  acidulated  coagulated  protein-compounds  in  a  very 
short  time  ;  those  with  cylindrical  epithelium,  on  the  contrary,  either  did  not 
operate  at  all,  or  produced  a  slight  effect  only  after  a  longer  period.  More- 
over, the  stomach  presents  a  distinctly  acid  reaction  only  at  the  places  where 
the  former  glands  are  situated.  These  observations  have  quite  recently 
been  confirmed,  as  regards  the  human  stomach,  by  Bonders  and  myself. 
The  active  organic  material,  the  piepsin,  has  its  seat  in  the  roundish  finely 
granular  cells  of  the  gastric  glands,  from  which  it  can  be  extracted  by  water, 
particularly  when  it  is  slightly  acidulated.    These  cells,  accordingly,  deserve 
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the  name  pqitie  cdls  {Frerieks),  Tiie  cells  situated  in  the  uppermost  parts 
of  the  glands,  which,  as  I  find  in  man,  are  much  smaller  than  the  deeper 
ones,  as  if  they  had  arisen  from  tlie  latter  by  division,  are  frequently  dis- 
charged externally,  and  are  then  directly  concerned  in  the  process  of  digestion  ; 
at  other  times,  all,  or  almost  all,  remain  in  the  glands  during  digestion,  and 
then  the  ifiuid  part  of  the  gastric  juice,  which  passes  outwaids,  extracts  the 
active  material  from  them.  Th.<e  mwus  of  the  stomach  covers  its  whole  surface 
as  a  thicker  or  thinner  coating,  and  is  commonly  more  strongly  marked  at  the 
parts  where  the  mucous  glands  are  situated.  It  is  derived — ^as  Todd  and 
J^'  first  correctly  stated  (Part  iii.,  1S47,  p.  192),  and,  as  was  subsequently 

.  . :  :  .1  by  Dmd^rs  and  myself —  from  the  cylindrical  cells  of  the  surface 
of  the  stomach  and  interior  of  the  mucous  glands  ;  and  either  exudes  from 
them  or  is  liberated  by  the  dissolving  and  bursting  of  the  cells,  which 
often  cover  the  surface  of  the  stomach  in  large  quantities.  It  is  still  un- 
certain how  the  epithehum  is  restored  after  the  destruction  of  the  cells, 
which,  however,  do  not  seem  to  burst  within  the  glands  themselves.  Probably 
the  epithelium-cylinders  divide  in  the  transverse  direction  before  sepai-ation, 
and  only  the  outer  portion  is  thrown  ou';  and,  in  fact,  we  frequently  observe 
two  nuclei  in  them.  Probably,  the  cylinders  also,  as  Todd  and  assume, 
dischaige  their  mucus  without  becoming  detached,  whilst  they  acquire  a 
temporary  opening  at  the  free  extremity,  as,  in  fact,  is  frequently  observed 
in  cast-off  cells. 

The  stomach  of  bu'ds,  according  to  Berlin,  coutaius  several  kinds  of  glands. 
The  well-known  compound  tubular  glands  of  the  glandular  stomach — in  which  a 
long,  simple  or  branched  central  canal,  with  numerous  simple  perpendicularly 
arranged  tubes,  is  closely  set  with  cylindrical  epithelium — secrete,  while  these 
cells  are  thrown  ofi^  a  neutral  juice  containing  pepsin.  Small,  simple  tubes 
with  cylindrical  epithelium,  situated  between  these  peptic  glands  fonn  ordinary 
mucus.  There  is  a  third  form,  lastly,  in  the  muscular  stomach,  consisting 
of  long  tubes  with  short  cyhndrical  epithelium,  which,  moreover,  are  covered 
by  a  structureless  tmiiea  mtwm-,  and  whose  ducts  peneti-ate  the  horny  epithe- 
lium of  this  stomach  ;  these  secrete  a  fluid  acid  juice,  but  no  pepsin.  Con- 
sequently, as  Berlin  also  showed  by  experiments  on  digestion,  the  two  chief 
constituents  of  the  gastric  juice  are  furnished  by  two  special  kinds  of  glands. 

^  150.  The  tissue  forming  the  mucous  memlranef  exchii^iYe  of  the 
glands,  is^  as  we  have  already  seen,  very  scanty.  It  appears  only  at 
the  bottom  of  the  glands  as  a  continuous,  firm,  reddish  layer, 
0'022"'  to  0*044'"  thickness  (Brüche),  the  muscular  layer  of  the 
mucous  memhrane,^\t]i  interwoven  bundles  of  ordinary  alveolar  tissue 
and  smootli  muscular  fibres,  the  latter  of  which  decussate  especially 
in  two  dii'ections;  and,  in  the  pig,  and  as  I  observed  recently,  in  man 
also,  even  pass  in  between  the  glands  and  into  the  plicw  villosw. 
Besides,  there  exist  between  the  glands,  vessels,  and  an  amorphous 
connective  substance  without  elastic  fibrils,  which  foi-ms,  upon  the 
surface  of  the  mucous  membrane,  a  clear,  perfectly  homogeneous 
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stratum,  tlie  structureless  membrane  of  autliors,  ^vliicli  is  connected 
witli  tlie  memhratice  proprice  of  tlie  individual  gland-tubes,  but 
cannot  be  isolated  like  the  latter. 

The  whole  inner  surface  of  the  stomach,  from  the  cardia  on- 
wards, where  the  pavement-epithelium  of  the  cesophagns  ceases 
with  a  sharp  or  dentated  border,  possesses  a  simple  covering  of 
cylindrical  cells,  o-oi'"  in  average  length,  which,  withont  any  in- 
termediate layer,  are  directly  seated  npon  the  outermost  homo- 
geneous part 'of  the  mncous  membrane.  The  connection  of  this 
""cylindrical  epitJielium—yvhose  other  relations  wül  be  afterwards 
discussed  in  treating  of  the  small  intestine,  where  a  perfectly  simdar 
layer  exists— with  the  mucous  membrane,  is,  during  life,  very  firm, 
although  not  to  such  a  degree  that  its  elements,  may  not  at  times 
be  detached,  either  singly  or  in  large  numbers,  by  mechanical 
influences,  such  as  must  operate  in  the  stomach.  Mter  death,  this 
takes  place  so  readily,  that,  in  man,  it  is  only  in  very  favourable 
cases  that  an  opportunity  is  afforded  of  observing  the  cells  in 
situ. 

Besides  the  tnbnlar  glands,  the  stomach  contains,  although 
not  constantlv,  and  in  very  variable  numbers,  closed  follicles,  or  the 
so-called  lenticular  glands,  which  entirely  agree  with  tlie  solitary 
glands  of  the  small  intestine  —  and, 
accordingly,  need  not  here  be  further 
discussed  —  in  animals  (as  in  the  i3ig), 
also  small  Peyerian  patches. 

The  blood-vessels  of  the  mucons 
membrane  of  the  stomach  are  very 
numerous,  and,  in  their  distribution, 
quite  characteristic;  (see  fig.  136, 
showing  the  vessels  of  the  large  in- 
testine, the  arrangement  of  which  is 
almost  entirely  the  same).  The  ar- 
teries divide  in  the  submncous  areolar 
tissue  in  snch  a  manner  that  only  finer 
vessels  arrive  at  the  mucons  mem- 
brane, on  which,  gradually  becoming 
finer,  so  as  to  form  capillaries,  they 
ascend  perpendicularly  in  large  num- 
bers between  tlie  glands,  and  form  a 
network  of  fine  capillaries,  o'coi"'  to 
Q-oo^"'  in  diameter,  surroundhig  tlie 
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tubes,  which  extends  as  far  as  the  openin^^s  of  the  ghmds.  Here 
the  network,  which  must  be  considered  as  being  continuous  over 
the  whole  stomach,  is  continued  into  a  superficial  network  of 
somewhat  wider  capillaries,  0-004'"  to  o-oo8'",  which,  in  man, 
surround  the  openings  of  the  glands  in  the  form  of  polygonal 
meshes,  0-02  "  to  0-04'"  in  diameter.  This  network  is  more  developed 
or  more  simple,  according  to  the  breadth  of  the  interglandular  spaces, 
and  the  occurrence  of  elevations  upon  them,  but  never  appears  to 
consist  of  simple  vascular  rings.  From  this  network  the  proportionally 
wide  veins  always  arise  by  several  roots,  which,  at  greater  distances 
from  eacli  other  than  the  arteries,  and  without  receiving  any  more 
blood,  traverse  the  layers  of  glands,  and,  at  the  outer  surface  of  the 
mucous  membrane,  pass  into  a  wider  netAvork  of  the  submucous 
tissue,  frequently  at  right  angles,  in  part  horizontally.  From  this 
arrangement  of  the  vessels,  it  becomes  conceivable  how,  in  the 
stomach,  an  energetic  secretion  (by  the  deeper  capillaries)  and  an 
absorption  (by  the  superficial  wider  networks)  can  take  place  at 
one  and  the  same  time. 

The  lymphatics  of  the  stomach  form,  in  the  mucous  membrane,  a 
superficial  finer,  and  a  deep  coarser  network,  which  are  perceptible 
only  when  injected.  The  numerous  trunks  passing  out  of  the 
mucous  membrane  are  readily  seen  in  the  submucous  tissue,  in  the 
larger  mammalia  which  have  been  killed  during  digestion,  and 
their  union  into  larger  trunks,  and  lastly,  their  penetration  of  the 
muscular  coat  in  the  region  of  the  curvature,  are  likewise  distinctly 
perceptible.  The  nerves  of  the  stomach,  from  the  vagus  and 
sympathetic,  are  readily  traceable  into  the  submucous  tissue,  and 
may  even  be  seen  entering  the  muscular  layer  of  the  mucous  mem- 
brane, but  are  then  entirely  withdrawn  from  further  investigation, 
which  is  chiefly  due  to  the  circumstance,  that  in  the  interior  of 
the  mucous  membrane  itself  they  no  longer  possess  dark- 
bordered  fibres,  but  probably  only  pale  ones  of  an  embryonic 
character. 


MUCOUS  MEMBEAl^E  OF  THE  SMALL  INTESTINE. 

§  151.  The  mucous  membrane  of  the  small  intestine  \^  ihiwwQi 
than  that  of  the  stomach,  but  more  complex,  seeing  that,  besides 
the  tubular  or  Lieberkiihnian  glands,  it  presents  a  great  number  of 
permanent /oWs  and  villi,  and  contains  in  its  tissue  peculiar  closed 
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Müdes,  the  so-called  solitary  and  Peyerian  glands,  and,  in  the 
submucous  tissue  of  the  duodenum,  the  glands  of  Brunner. 

The  mucous  membrane  consists  of  a  more  homogeneous  or 
indistinctly  fibrous  areolar  tissue  (especially  at  the  innermost  part) 
and  possesses,  except  where  certain  glands  are  situated,  but  little 
.uhmueous  tissue,  on  which  account  it  is  pretty  firmly  connected 
with  the  muscular  coat.  Upon  the  inner  surface  of  the  mucous 
membrane  there  is  a  cylindrical  epithelium,  of  which  we  shall 
speak  further  when  treating^of  the  vOU ;  whilst  externally,  towards 
the  submucous  tissue,  the  membrane  is  limited  by  a  layer  of  longi- 
tudinally and  transversely  arranged  smooth  muscular  fibres,  dis- 
covered" by  Brücke,  which,  measures  at  the  most  0-0177  in 
thickness,  and  on  account  of  its  being  often  but  slightly  developed, 
is  not  always  readily  recognisable  in  man. 

S  i<2  The  villi  of  the  small  intestines  {mlli  intestinales)  arc 
small  whitish  elevations  of  the  innermost  parts  of  the  mucous 
membrane,  visible  to  the  naked  eye,  which,  seated  upon  or  between 
the  folds  oiKerknng,  are  so  closely  arranged  throughout  the  whole 
small  intestine,  from  the  pylorus  to  the  sharp  border  of  the 
ralvula  Bauhini,  as  to  give  the  mucous  membrane  its  well-known 
velvet-like  appearance.  They  are  most  numerous  (50  to  90  in  a 
square  line)  in  the  duodenum  and  jejunum,  less  frequent  m  the 
ileum  (40  to  70  in  a  square  line).  In  the  duodenum  they  are 
lower  and  broader,  like  folds  and  laminje,  and  measure  to  1 
in  height,  r  to  i'",  or  even  4"'  in  breadth.  In  the  jejunum  they 
mostly  appear  conical  but  compressed,  frequently,  also,  leaf-shaped 
or  cylindrical,  clavate  or  filiform,  which  three  last- mentioned  forms 
preponderate  in  that  part  of  the  intestine.  The  length  of  ^l^ese 
villi  is  from  r  to  ¥" ;  the  breadth,  i'"  to  ,  or  even  ^  ;  the 
thickness  in  the  flat  ones,  -j^'". 

The  villi  consist  of  an  interior  part,  belonging  to  the  mucous  mem- 
brane, and  an  epithelial  invesUnent.  The  former,  or  the  vdlus,  m 
the  stricter  sense  of  the  term,  corresponds  in  its  contour  to  the 
whole  villus,  and  consists  merely  of  a  solid  process  of  the  proper 
mucous  membrane,  provided  with  blood-vessels  and  lymphatics  and 
smooth  muscles.  Its  matrix,  beset  with  a  variable  number  of 
roundish  nuclei  and  cells,  like  that  of  the  mucous  membrane 
in  general,  is  a  more  homogeneous,  seldom  a  fibriUated  areolar 
tissue,  without  any  intermixture  of  elastic  fibres,  but  mostly 
containing  immerous  small  round  cells  as  well  as  free  nuclei, 
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Vessels  of  t-^o  of  the  villi  of  the  mouse, 
from  an  injection  by  Gerlach.  Magnified 
45  times. 


of  which  the  former,  in  man,  not  unfrequently  contain  fat- 

granules,  and  in  pathological  cases, 
brownish  or  black  pigment.  The 
blood-vessels  of  the  villi  (fig.  137) 
are  so  numerous,  that  when  well 
injected,  those  villi  which  are  de- 
nuded of  their  epithelium  become 
completely  coloured;  and  in  living 
or  recently  dead  animals,  each  villus, 
when  viewed  from  above,  appears 
as  a  red  point  surrounded  by  a 
clear  border.    In  man,  every  villus 
is  supplied  by  one,  two,  or  three 
small  arteries,  of  o'Oi'"  to  o'oib'"  in 
diameter,  which  form  a  close  network 
of  capillaries,  0-003'"       0*005"'  ^vide,  with  round  or  elongated 
Fig.  133.      meshes,   situated  immediately  beneath  the  homo- 
geneous outermost  layer  of  the  matrix.    This  net- 
work mostly  convej^s  its  blood  directly  into  the 
larger  trunks  of  the  submucous  tissue  by  means  of 
a  veiu,  0"022'"  in  diameter,  which  does  not  arise,  as 
in  animals,  by  a  reflexion  of  the  artery,  but  gene- 
rally by   the   gradual   coalescence   of  the  finest 
vessels. 

With  reference  to  the  relations  of  the  chyle- 
vessels  in  the  villi^  I  can  affirm  with  confidence,  as 
to  man  and  many  animals,  that  in  many  cases 
only  a  single,  blind,  chyle-trunk,  of  much  larger 
diameter  than  the  capillaries  of  the  villus,  runs  in 
the  axis  of  the  latter  (fig.  138) ;  and  I  think  it 
probable,  that  all  the  narrow  villi,  especially  the 
cylindrical  and  filiform,  are  so  circumstanced; 
whilst  in  the  broad  and  laminated,  two,  or  even 
(as  Brüche  found  in  the  weasel  and  rat)  three  and 
four  such  trunks  exist.  As  formerly,  so  now,  I 
must,  with  many  other  authorities,  express  myself 
decidedly  against  the  notion  of  a  ramification  of 
the  chyle-vessels  in  the  villi-,  and  I  believe  that 
epuhSimi'^tiuie  striatcd  collcctions  of  fat  in  the  parenchyma  of 
fftSorTraagnifiS  the  vUU  liavc  bccn  held  for  chyle-vessels;  perhaps, 
trlatedS'diiuted  ^Iso  blood-vcsscls  filled  witli  dark  granular  particles 

caus^ic^soda.  From    ^ß,,^^^^^  VivclwiV,    alsO,   haS   oftCU  obsCrved. 


Fig.  139. 
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Besides  these   parts,  the  villi,  as  Brücke  reeently  diseovered, 
contain,  more   towards   the   centre    around   the      -  — 
lymphatic  vessels,   a  thin   layer  of  longitudmal 
Loth  muscular  ßbres,  with  very  deheate  narrow 
fibre-cells,  which,  in   favourable  cases,   are  very 
distinct  even  in  man,  and,  as  I  find,  are  contniued 
down  between  the  Lieberkühnian  glands,  and  con- 
nected with  the  muscular  layer  of  the  mucous 
membrane.    They  occasion  the  shortemng  or  con- 
traction of  the  villi  discovered  by  Lacatichte,  whicli 
is  very  evident  immediately  after  death  (fig.  139). 
and,  according  to  Brücke,  is  also  perceptible  in 
living  creatures,  and  which  very  probably  exerts  an 
important  influence  upon  the  further  movement  of 
the  chvle  and  venous  blood  in  the  villi,  that  is, 
supposing  there  is  no  reason  against  the  assumption  »j«^^»^y>» 
of  repeated  contractions  during  life.    No  nervous  t»c.io._^Mag,u. 
elements  are  known  to  exist  in  the  villi;  hut  the 
walls  of  the  intestine  are  rich  in  nerves,  and  even  contain,  as 

Fig.  140. 


"  A.  TWO  .iUi,  with  their  epitbeliun.  from  the  -l^blM^agn^^^^^ 

b.  parenchyma  of  the  villus  B  A  ^^^1^^^}^,^.^^^^^ cells,  magnified  350 
Un^rÄÄcS,^!;  rÄÄne^^afw^l.  from  the  sur^ce. 
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Meissner  discovered  (l.i.c.)  in  tlie  submucous  layer,  a  great  number 
of  microscopic  ganglia.  Similar  ganglia  also  occur  in  the  stomach 
and  the  large  intestine. 

§  153.  The  epithelium  of  the  villi  and  of  the  surface  of  the 
mucous  membrane,  although,  during  life,  very  intimately  con- 
nected with  the  subjacent  parts,  and  falling  off  only  through 
accident  or  disease,  is  readily  detached  in  the  dead  body,  and  is 
perceptible  only  upon  perfectly  fresh  portions  of  the  intestine.  It 
everywhere  consists  of  a  simple  layer  of  cylindrical  cells,  slightly 
narrowed  at  the  lower  end,  o'oi'''  to  0  0 12"'  in  length,  0*003"' 
0*004"'  breadth,  which  have  a  clear,  vesicular,  oval,  single  or 
double,  nucleolated  nucleus,  but  generally  contain  nothing  else 
except  fine  granules.  These  cells,  which  agree  in  all  their  che- 
mical characters  with  the  deeper  cells  of  the  epithelium  of  the 
oral  cavity,  are  so  intimately  connected  together,  that  even  after 
death  their  contours,  when  viewed  in  a  longitudinal  section,  are  at 
first  not  at  all  or  only  indistinctly  recognisable  ;  whilst  they  appear 
as  a  beautiful  mosaic  structure,  when  viewed  from  the  surface. 
Properly  speaking,  the  cylindrical  cells  become  first  quite  distinct 
when  they  are  detached  from  the  subjacent  surface,  which  gene- 
rally takes  place  in  such  a  manner  that  they  come  off  in  patches, 
or  even  all  the  cells  of  a  villus  together,  like  the  calyptra  of  a 
moss. 

I  have  recently  shown  (Würzburg  Transactions,  vi.,  1855)  that 
the  membranes  of  these  cells  are  thickened  and  veri/  fifiely  striated 
at  their  free  surface,  and  that  these  thickened  parts  represent,  as  it 
were,  in  their  totality,  a  special  membrane  covering  the  cells, 
similar  to  the  cuticula  of  plants.  B}^  the  influence  of  water,  the 
cells  are  dilated  into  long,  pyriform,  clear  vesicles,  or  burst  at  the 
free  extremity,  and  allow  their  contained  mucus  to  pass  as  a  clear 
globule,  which  frequently  carries  the  nucleus  along  with  it.  The 
mucus,  which  covers  the  surface  of  the  intestine  in  the  dead  body, 
is,  in  great  part,  nothing  but  the  transuded  contents  of  the  epi- 
thelial cells.  By  the  absorption  of  water,  it  swells  up  in  form 
of  a  thick  crust,  and  always  contains  numerous  ruptured  and 
empty  cell-envelopes. 

The  normal  secretion  of  the  mucus  in  the  small  intestine  is 
effected  exactly  as  in  the  stomach,  except  that  the  cells  never 
fall  off,  and  appear  usually  to  discharge  their  mucus  without 
bursting. 
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Brücke  affirms,  that  the  central  chyle-vessel  of  the  vüU  is  a  space  without 
bounding  walls,  and  that  interstitial  depositions  of  chyle  also  take  place  in 
other  parts  of  the  mucous  membrane,  and  are  then  conveyed  onwards  into 
the  true  chyle-vessels.    I,  on  the  other  hand,  hold  that  the  chyle-tnnik  of 
the  vUlus  possesses  a  membrane,  which  I  have  distinctly  seen,  and  believe 
that  BMe  has  been  led  to  his  view,  more  from  theoretical  considerations 
than  from  direct  facts.    Similar  considerations  have  induced  this  author 
to  assert,  that  the  epithelial  cylindrical  cells  of  the  vilU  are  completely 
destitute  of  a  membrane  at  their  broader  extremity,  and  have  orifices  at  the 
part  turned  towards  the  vUlus^to  which  similar  openmgs  m  the  limiting 
membrane  of  the  villus  itself  correspond.    Bmclie  himself  admits  that  the 
two  last-mentioned  openings  cannot  be  directly  observed,  so  that  1  shall 
content  myself  with  remarking,  that,  according  to  my  most  recent  investi- 
gations (I.L.),  there  can  be  no  doubt  as  to  the  existence  of  a  membrane 
on  the  free  extremity  of  the  cells.    By  BM^s  view  the  difficul  les  wh  ch 
present  themselves  in  explaining  the  absorption  of  fat,  would,  undoubtedly, 
be  easily  removed,  if  apertures  were  demonstrated  to  exist  everywhere; 
but  this  can  furnish  no  reason  to  disregard  undoubted  facts.     In  the 
absorption  of  fat,  as  Ooodsir,  and  Gruyy  and  Delafondh^ve  shown,  the  c^-lm- 
drical  epithelial  cells,  -  frequently  on  the  whole  of  the  vMus  but  often 
only  on  the  apex  (because  the  viM,  when  they  are  distended  and  the  intes- 
tine is  contracted,  frequently  lie  so  close  to  each  other  tliat  only  their  apices 
are  accessible  to  the  intestinal  contents) -become  filled  with  fine  fat-granules 
or  larger  fat-drops,  but  how,  is  still  undetermined. 

According  to  the  most  recent  investigations  of  Brücke  and  myself,  the  fat 
before  its  absorption,  divides  into  molecules  of  immeasurable  fineness,  and 
it  is  taken  up  only  in  this  form  by  the  epithelial  cells.    Now  since  I  have 
shown  that  these  cells  possess  a  distinct  and  even  thickened  membrane 
upon  their  surface  which  is  directed  to  the  intestinal  canal,  we  are  com- 
pelled to  assume,  that  the  fat-molecules  pass  through  this  membrane  either 
bv  preformed  canals  or  pores,  or  by  making  a  way  for  themselves  through 
the  substance  of  the  membrane.     With  regard  to  the  existence  of  pore- 
canals  in  the  cell-membranes  in  question,  I  refer  the  reader  to  my  treatise 
cited  above,  and  remark  here  only  this  much,  that  it  is  very  possible,  that 
the  stri^  discovered  by  me  in  the  cell-wall  are  to  be  attributed  to  extremely 
fine  canals.    At  any  rate,  these  strise  point  to  a  quite  peculiar  structure  oi 
the  absorbing  cell-walls,  and  deserve,  accordingly,  a  special  consideration  on 
the  part  of  physiologists.    I  may  add,  that  the  thickened  striated  eel  -wall 
swells  up  in  water,  and  suffers  a  pecuhar  splitting,  so  that  it  gradually  be- 
comes similar  to  a  bundle  of  short  fibrils  or  cilia.    Such  epithehal  ce  Is  were 
incorrectly  described,  a  considerable  time  ago,  by^n%  and  I>f^^f  ll 
cihated  epithelium  of  the  intestine.    Bonders  and  I  have  found  that  the 
cylindrical  ceils  of  the  intestine  not  unfrequently  burst  at  their  apices, 
and  allow  a  part  of  their  contents  (mucus)  and  their  nucleus  to  pass  out. 
A  second,  previously  formed  cell-nucleus  then  serves  for  the  regenemtion 
of  these  cells,  which,  in  this  stage,  possess  opaque  often  granular,  contents 
and  clavate  forms:  these  are  the  cells  designated  by  Grudy  ^uö.  Delafond 

'  epithelium  capitatum.'  „      -,    ,  , ,        ■  ^^ 

In  the  parenchyma  of  the  viUi,  there  are  found  at  the  apices  frequently 
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one  or  more  large  globules  of  firm  and  of  liuid  tat,  wldch,  according  to 
Bonders,  arise  from  a  separation  of  the  fat  which  has  penetrated  taking 
place  after  death.  The  smaller  cells,  described  by  E.  IT.  Wthr  as  being 
under  the  epithelial  cells,  have  no  existence. 


§  154,  GlaJids  of  the  small  Intestine.— Tlic  small  intestine  con- 
tains only  two  kinds  of  true  glands,  viz.,  i.  tubular,  which  exist 
everywdiere  in  the  mucous  membrane;  and  2,  racemose,  seated  in 
the  submucous  tissue. 

The  racemose,  or  the  glands  of  Brunner,  form,  at  the  commence- 
ment of  the  duodenum,  on  the  outer  side  of  the  mucous  membrane, 
a  continuous  glandular  layer,  w  hicli  is  most  developed  and  dense 
close  to  the  pylorus,  so  that  here  they  give  rise  to  a  glandular 
ring,  which  extends  as  far  as  the  opening  of  the  gall-duct.  If,  in  a 
distended  duodenum,  the  two  layers  of  the  muscular  coat  have  been 
dissected  off,  the  glands  are  readily  recognised  as  yellowish,  rounded 
angular,  flattened  bodies,  to  or,  on  an  average,  i"'  to  i"' 
in  diameter,  which,  enveloped  in  some  areolar  tissue,  arc  seated 
close  to  the  mucous  membrane,  and  send  off  short  excretory 
ducts  into  it.  Witli  reference  to  their  intimate  structure,  the 
glands  of  Brunner,  whose  terminal  vesicles  measure  0-03'"  to 
o-o6"',  or  even  o'o8"'  in  diameter,  entirely  agree  with  the  racemose 
glands  of  the  oral  cavity  and  oesophagus.  Their  secretion  is  an 
alkaline  mucus,  without  morpliological  elements,  which  exerts  no 
digestive  action  upon  coagulated  protein  com- 
pounds, and  probably  subserves  mere  me- 
chanical purposes. 

The  tubular  or  Lieberhilhnian  glands  are 
found  distributed  over  the  whole  small  intes- 
tine and  duodenum  as  very  numerous,  straight 
and  narrow  tubes,  extending  through  the  entire 
thickness  of  the  mucous  membrane.  At  the 
extremity  they  are  slightly  swollen,  but  very 
"  seldom  bifurcated  (but  in  animals,  they  are 

frequently  bifid  or  trifid).  An  idea  of  their 
number  may  be  best  obtained  when  the  mu- 
cous membrane  is  examined  in  perpendicular 
sections,  or  from  above,  by  low  magnifying 
powers.  In  the  first  case,  we  see  tube  upon 
tiic^S?nSifi\cfS  tube,  almost  without  any  interspaces,  arranged 
epitSlmTlSJ"^       closely  together  like  palisades  (fig.  141)  ;  in 


Fig. 141. 
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the  latter,  ^ve  perceive  that  the  glands  do  not  exist  everywhere, 
but  occupV  only  the  interspaces  between  the  v.lli,  though  they 
are  here  present  in  such  numbers  that  they,  so  to  speak,  leave  no 
further  s^ace  remaining;  and  the  surface  of  the  mucous  mem- 
brane between  the  villi  appears  perforated  and  cribriform.  Such 
.lands  are  found  even  upon  the  Peyerian  patches  and  the  sohtaiy 
foUicles,  but  in  man  they  leave  the  part  of  the  mucous  ™e-brane 
which  lies  immediately  over  the  middle  of  the  follicle,  fiee 
and  are  arranged,  accordingly,  more  in  the  form  of  ruigs  around 
the  follicles.  The  length  of  the  Lieberküliman  glanas  is  equal 
to  the  thickness  of  the  mucous  membrane,  and  varies  from^ 
to  their  breadth  measures  0  028'"  to  0-036'";   and  then- 

opening  o-oa"  to  0-03'".  They  consist  of  a  homogeneous  m«<n- 
Lm.  Propria  and  a  cylindrical  epithelium,  like  that  of  the  in- 
testine, which,  during  the  formation  of  chyle,  »««r  contains  fa 
and  which,  during  life,  distinctly  encloses  a  cav;rty  filled  w 
a  clear  fluid  secretion,  the  intestinal  jarce,  as  it  is  termed  ;  but 
after  death,  and  on  the  addition  of  water,  it  is  very  readily  altered, 
the  glands  appearing  to  be  completely  filled  with  cells  or  w-ith  a 
granular  substance. 

-  The  veueU  of  the  Brunnerian  glands  present  quite  the  sanie 
conditions  as  those  of  the  salivary  glands;  whilst  those  of  the 
Lieberkuhnian  tubes  accurately  conform  to  the  type  of  those  oi 
the  stomach  (see  §  136). 

In  the  intestinal  mucus,  one-nudeated,  small,  round  cells  are  .ot 
unfrequentlv  met  with,  the  origin  of  which  is  doubtful  In  dif- 
ferent disea;es,  especially  of  the  intestine,-in  inflammation,  peri- 
tonitis in  tvphus,-BöÄm  found  in  many  Lieberkuhnian  glands  a 
whitish  viscid  secretion  [Gland,  int.,  p.  34).  ^^'^i'^li'  subsequent 
observations  of  the  same  author  {Dannschhimhaut  w.  der 
Cholera,  p.  63)  lead  us  to  suppose,  was  nothing  «^'«e  ^han  the 
epithelium  which  had  detached  itself  from  the  walls  and  collected 
il  form  of  a  compact  plug.  In  the  cholera,  this  epithelium,  as  well  as 
that  of  the  whole  intestine,  is,  according  to  Böhm,  thrown  ott. 

^  I  c  c  Closed  Follicles  of  the  small  Intestine.-ln  the  walls  of  the 
small  intestine,  there  are  met  with,  singly  or  in  groups,  vesicles  of 
a  peculiar  kind,  whose  anatomical  as  well  as  physiologica  signifi- 
cation is  still  not  quite  cleared  up,  and  which,  accordingly,  may 
for  the  present,  be  most  conveniently  described  under  a  general 
name. 


PEYERS  PATCHES. 


[sect.  255. 


The  most  important  of  them  are  tlie  collections  or  patches  ofPeyer 
(glandulce  Peyeriance  sive  agminatce).   They  mostly  occur  in  form  of 

oblong  or  roundish  flattened  organs, 
which  are  arrangedin  thelongitudinal 
direction,  invariably  on  the  border 
of  the  intestine  opposite  to  the  at- 
tachment of  the  mesentery.  They 
are  best  seen  from  within,  and 
appear  as  not  very  distinctly  cir- 
cumscribed, slightly  depressed  and 
smooth  patches.  But  even  from 
without  they  may  be  recognised,  by 
a  slight  elevation  of  the  intestinal 
wall,  and,  by  transmitted  light,  look 
like  opaque  parts  of  the  membrane. 
The  seat  of  these  collections  is,  in  most 
cases,  the  ileum ;  still  they  are  not 
unfrequently  met  with  in  the  lower 
part  of  the  jejunum,  occasionally  in 
its  upper  half  near  to  the  duodenum, 
and  even  in  the  horizontal  inferior 

A  human  Peyerian  collection ;  magni-  n   1       t       -1                  t  t 

fied4times.    a.  Surface  of  the  ordinary  part  01  tllC  duodcnum.      in  Orclmary 

mucous  membrane,  with  villi ;  b.  depres-  ,     .             ^       •           •  1 

sions  upon  the  patch  corresponding  to  the  CaSCS,  their  numbCr  IS  20  tO  3O  ;  WllCn 

follicles ;  c.  intermediate  substance  with  ,                         ,       • ,  i       i        i  •  i 

small  villi.  they  are  met  with  also  higher  up 

they  increase  to  50  or  60;  but  they  are  always  most  close  to  one 
another  in  the  lowest  part  of  the  ileum.  The  size  of  the 
patches  is  usually  larger  the  nearer  they  are  to  the  coecum ;  and 
their  length  mostly  amounts  to  from  5'"  to  in.,  but  may  be 
only  3'",  or  increase  to  3  or  5  in.,  or  even  i  ft.,  whilst  their 
breadth  measures  3'",  5'"  to  9'''.  The  folds  of  Kerkring  are  usually 
interrupted  wherever  Peyerian  patches  are  situated ;  still,  in  the 
jejunum,  folds  are  found  also  upon  the  patches,  and,  in  the  ileum, 
instead  of  them,  frequently  rows  of  closely  set  villi.  When  more 
narrowly  examined,  each  Peyerian  collection  is  found  to  be  an 
aggregation  of  closed  follicles,  which  have  a  roundish  shape,  or 
are  somewhat  conical  and  tapering  towards  the  cavity  of  the 
intestine,  to  to  i'''  in  size.  The  follicles  lie  close  to  each 
other,  have  their  seat  partly  in  the  mucous  membrane  itself, 
partly  in  the  submucous  tissue,  and,  on  the  one  side,  are  distant 
only  0'02'"  to  0  03'"  from  the  surface  of  the  mucous  membrane; 
whilst,  on  the  other,  they  immediately  adjoin  the  muscular  coat, 


Fig.  142. 
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which  is  here  somewhat  more  firmly  adherent  to  the  mucous 

membrane.  .       ,       ^  ,  ^  . 

When  viewed  from  the  cavity  of  the  intestine,  the  patches  present, 


Fip;.  143. 


A  particle  of  a  Peyeriaii  gland, 
from  an  old  man;  after  Flouch. 
a.  Follicles  surrounded  by  the 
openings  of  tlie  Lieberklihnian 
o-lands;  b.  villi;  c.  more  isolated 
openings  of  Lietierkuhnian  glands. 


very  conspicuously  in  man,  numerous  small 
depressions,  T  I'"  to  1"'  apart  from 
each  other.  These  depressions  correspond 
to  the  individual  follicles,  and  their  bot- 
tom is  slightly  protruded  upwards  by  the 
latter,  but  they  never  support  any  villi. 
The  remaining  portion  of  the  patch  is  occu- 
pied by  ordinary  villi,  or  reticulated  folds, 
and  apertures  of  Lieberkühnian  glands, 
which  latter  are  arranged  in  a  circlet,  of 
6  to  10  and  more  apertures,  around  the 

shght  elevations  occasioned  by  the  follicles,  the  corona  tuhulorum 

of  authors.  7  4.1  •  1 

Every  follicle  of  a  patch  consists  of  a  completely  closed,  thick, 

tolerably  firm  envelope  of  an  in-  Fig.i44. 

distinctly  fibrous  areolar  tissue 

with  interspersed  nuclei,  and  soft, 

mostly  greyish  (never  milk-white) 

contents,  which  are  slowly  dif- 

fusable  in  water,  and  composed 

of  a  certain  amount  of  fluid  and 

innumerable   nuclei    and  round 

cells,  0-004'"  to  o-ooS'"  in  diame- 
ter.    These  cells,  when  recent, 

appear  perfectly  homogeneous 
and  dull  grey ;  they  become  clear 
on  the  addition  of  water  or  acetic 
acid,  and  then  disappear;  whilst 
the  nuclei  become,  at  the  same 
time,  granular,  and  come  very  distinctly  into  view.  Amongst  these 
elements,  which  also  occasionally  contain  fat  in  the  form  ot 
grannies,  and,  as  shown  by  comparison  of  the  diff-erent  forms,  are 
continually  undergoing  the  process  of  formation  and  dissolution, 
there  exist,  as  Frei  and  Ernst  have  discovered  m  animals,  and 
as  I  have  found  also  in  man,  numerous  but  very  fine  blood- 
vessels, 0-0015"'  to  0  004'''  in  diameter,  which  are  connected 
with  a  rich  vascular  network  surrounding  the  follicle,  and  in 
animals,  as  e.g,  the  pig,  can  even  be  recognised  with  facility  m 


Horizontal  section  from  the  middle  of  three 
Peyerian  capsules  of  the  rabbit,  to  show  the 
vessels  in  tlieir  interior.  After  an  mjection 
of  Frei. 
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the  contents  of  the  follicles  when  perfectly  fresh  and  carefully 
extracted. 

But  little  is  accurately  known  about  the  lympliatic  vessels  of  the 
Peyerian  glands.  This  much  is  establislied_,  tliat  the  7iumher  of 
the  chyle-vessels  coming  from  the  Peyerian  patches  during  the 
period  of  digestion  is  greater  than  at  other  parts  of  the  intestine, 
although  the  villi  found  npon  them  are  less  developed  and  more 
scanty ;  but  it  is  entirely  unknown  how  the  chyle-vessels  are 
arranged  in  the  interior.  It  appears  probable^  that  they  form 
networks  around  the  individual  follicles  —  at  leasts  we  see  from  the 
outside  that  they  surround  the  follicles  in  a  circular  manner ;  on  the 
other  hand,  they  do  not  enter  into  the  follicles,  at  least  on  this 
surface,  which  entrance  would  be  readily  recognised  by  the 
milk-white  colour  of  the  filled  vessels.  For  this  reason,  if,  as 
Brücke  has  recently  assumed,  a  direct  communication  of  the 
follicles  with  lymphatic  vessels  exists,  it  can  take  place  only  by 
the  follicles  becoming  connected  with  such  vessels  upon  the  surface 
opposite  to  the  cavity  of  the  intestine. 

The  solitary  glands  (glandular  solitarim)  agree  so  completely  with 
the  individual  elements  of  the  Peyerian  patches  in  size,  contents, 
and  structure,  and  in  respect  of  the  vessels  in  their  interior,  which 
I  also  observed  even  in  man,  that  a  separation  of  them  is  by  no 
means  justifiable ;  especially  too  as  all  possible  variations  are 
found  in  the  number  of  the  follicles  and  since,  at  least  in  animals, 
there  occur  Peyerian  patches  with  2,  3  to  5  follicles.  In  man, 
the  number  of  the  solitary  glands,  as  all  authors  correctly  state, 
is  extremely  various;  sometimes  we  do  not  succeed  in  finding  a 
single  one,  sometimes  the  intestine  is  quite  overstrewn  with  them, 
as  far  as  the  border  of  the  ileo-colic  valve,  or,  finally,  they  are 
found  in  the  ileum  and  jejunum  in  moderate  number.  Their  com- 
plete absence  may,  perhaps,  be  regarded  as  an  abnoroial  condition, 
since,  in  newly-born  infants  and  in  the  dead  bodies  of  healthy 
individuals,  they  are  constantly  present,  and,  indeed,  more  nume- 
rously in  the  jejunum  than  in  the  ileum;  on  the  other  hand,  the 
raillet-seed-like  vesicles,  which,  in  catarrh  of  the  alimentary  tract,  are 
often  found  in  immense  numbers  in  the  small  intestine  and 
stomach,  may  have  either  partially  or  completely  a  pathological 
signification,  since,  in  other  organs  also  (as  in  the  liver,  according 
to  VircJww)^  the  occurrence  of  similar  follicles  has  been  demon- 
strated. The  solitary  follicles  are  embedded  in  the  same  way  as  the 
elements  of  the  patches,  only  they  occur  also  upon  the  mesenterial 
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border,  and  support  villi,  upon  tlie  most  prominent  part  of  tlieir 
intestinal  surface. 

I  consider  it  as  quite  established  that  the  follicles  of  the  Peyerian  patches 
have  no  openings,  but  will,  however,  notice  the  following  points:-!,  in 
animals  examined  immediately  after  death,  the  capsules  are  invariably  found 
closed,  as  may  be  very  readily  seen  on  the  well-developed  patelics  of  the  pig, 
sheep,  cat,  dog,  etc ,  which  I  may  recommend  in  general  for  the  investigation 
of  these  organs,  because  the  patches  in  man  are  so  frequently  altered.    2.  An 
appearance  of  openings  may  arise  from  the  depressions  of  the  mucous  mem- 
brane over  the  individual  follicles,  especially  when  the  prominent  part  of  the 
wall  of  the  follicle  is  not  much  distended.    3.  In  man,  the  closed  fohicles  are 
subiect  to  manifold  diseased  conditions,  and  they  are  frequently  found 
ruptured  and  altered,  so  that  often  nothing  remains  of  the  patches  but  a 
reticulated,  indistinctly  pitted  surface  ;  moreover,  they  may,  as  ^^rcl^07v  hrst 
showed,  burst  after  death,  when  they  are  allowed  to  he  in  water  m  a  warm 
place,  on  which  account,  perhaps,  many  of  the  apertures  found  in  dead 
bodies  must  be  regarded  as  having  been  produced  by  putrefaction. 

The  connection  of  the  Peyerian  follicles  with  chyle-vessels,  asserted  by 
Brücke  from  Avhich  these  organs  have  been  viewed  as  lymphatic  glands, 
deserves,  at  any  rate,  to  be  duly  considered;  still  I  must  here,  as  with 
reference  to  many  other  subjects,  take  upon  myself  the  somewhat  un- 
grateful task  of  warning  against  too  hasty  conclusions.    An  unprejudiced 
consideration  of  the  facts  at  present  known  does  not  warrant  the  conclusion, 
that  the  direct  transition  of  the  follicles  into  chyle-vessels,  as  Brücke  main- 
tained at  first,  has  been  proved  (see  my  3Iicr.  Anat.,  II  2,  p.  188),  nor  that 
as  Britclic  now  assumes,  there  exist  in  the  interior  of  the  foUicles  interstitial 
chvle-spaces,  which  he  between  their  vessels,  and  lead  externally  to  crue 
lymphatic  vessels  upon  the  folhcles.    That  there  is  a  difference  between  the 
Peyerian  patches  and  the  lymphatic  glands  cannot  be  denied.    In  the  latter, 
the  alveoli  communicate  directly  with  one  another ;  whilst  m  the  former  the 
follicles  are  almost  always  completely  closed  vesicles  (communications  of  in- 
dividual folhcles,  as  were  observed  by  Eenle  and  Brüclie,  are  certainly  veiy 
rare  •  I  likewise  never  saw  them  destitute  of  a  wall  at  any  side)  ;  further,  the 
lymphatic  glands  have  afferent  and  efferent  chyle-vessels,  whilst  on  the  patches 
of  Pc^icr  only  the  latter  are  known  ;  lastly,  the  alveoli  of  the  glands,  as  I  must 
remark,  in  contradiction  to  Brttcl^.e,  are  also  found  fiUed  with  chyle,  whilst 
in  the  folhcles,  no  one  has,  hitherto,  seen  anything  of  the  kind.  Never- 
theless I  will  not  altogether  dispute  BriicU's  view  of  the  sigmfi  cation  of  the 
patches  of  Pcycr)  and  I  would  call  upon  observers  to  investigate  whether 
lymphatic  vessels  exist  in  the  interior  of  the  follicles,  and  whether,  as  I 
have  seen  in  one  case  (Zeüscfir.f.  wiss.  Zool),  the  chyle-vessels  coming  from 
the  patches  are  richer  in  chyle-cells  than  those  proceeding  from  other  places 
of  the  intestine,  which,  if  confirmed,  would,  in  my  opinion,  be  sufticient  m 
warranting  us  to  regard  these  organs  as  formative  centres  of  the  lymph- 
corpuscles. 
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§  156.  Mucous  Membrane  of  the  Large  Intestine. — The  large 
and  small  intestines  agree  in  the  structure  of  their  mucous  mem- 
brane in  so  many  essential  characters^  that  it  will  suffice  to  call 
attention  to  some  few  points  of  difference. 

The  large  intestine,  with  the  exception  of  the  rectum,  has  no 
proper  folds ;  for  the  fibres  of  the  transverse  layer  of  the  muscular 
coat  also  enter  into  the  plicce  sigmoidece.  The  villi  are  likewise 
entirely  absent,  from  the  sharp  border  of  the  valvule  Bauhini  on- 
wards, into  which  valve,  also,  the  muscular  coat  enters  and  the  sur- 
face of  the  mucous  membrane,  apart  from  the  small,  scarcely  per- 
ce^jtible,  papilliform  elevations  at  particular  places,  is  even  and 
smooth.  The  muscular  layer  of  the  mucous  membrane  of  the  colon  is, 
in  man,  with  difficulty  perceptible,  but  is  decidedly  present ;  in  the 
rectum,  on  the  other  hand,  it  is  more  distinct.  In  animals,  I 
observe  that  it  is  very  well  developed.  According  to  Brücke,  the 
longitudinal  and  transverse  muscular  layers  of  the  mucous  mem- 
brane of  the  colon  (of  animals?)  are  together  only  o'Oif  thick. 
This  is  attributable  to  the  outer  longitudinal  fibres,  which  are 
reduced  to  three  or  even  only  two  strata ;  in  the  rectum,  the  layers 
become  again  equally  thick,  both  together  about  0-022"',  at  the  anus 
even  o-o88"'  and  more.  According  to  Treitz,  the  muscular  fibres 
also  enter  into  the  columns  Morgagnii. 

The  glandular  structures  of  the  large  intestine  are  the  Lieber- 
Fig.  145.  kilhnian  glands   and  solitary 

follicles.  The  former,  also 
called  glands  of  the  large  in- 
testine, are  found  everywhere, 
from  the  Bauhinian  valve  as 
far  as  the  anus,  and  also  in  the 
appendix  vermiformis^  closely 
crowded  together.  They  pre- 
sent entirely  the  same  structure 
as  those  of  the  small  intestine, 
only  they  arc  longer  and 
broader  to  4'"  in  length, 
to  T,V '  breadth),  in 
conformity  with  the  greater 
thickness  of  the  mucous  mem- 
brane. Here,  also,  in  man  and 
in  animals,  I  observed  through- 
morphological  elements,  except  a 


Solitary  follicle  from  the  colon  of  a  child  ;  mag- 
nified 45' times,  a.  Tubular  glands;  &.  muscular 
layer  of  the  raucous  membrane ;  c.  submucous 
tissue  ;  d.  transverse  muscular  fibres  i  e.  serous 
membrane ;  /.  depression  of  the  mucous  mem- 
brane over  the  fullicle  g. 

out  in  the  fresh  condition  no 
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beautiful  cjlindrical  epitlielium.  In  the  vermiform  appendix, 
the  solitary  follicles  are  arranged  close  to  each  other;  they  are 
very  frequent  in  the  coecum  and  rectum,  and  are  also  more  nume- 
rous in  the  colon  than  in  the  small  intestine.  From  those  of  the 
latter  part  they  are  distinguished  by  their  more  considerable  size 
i'"  to  il'''),  and  by  the  circumstance,  that  upon  each  of  the 
small  elevations  of  the  mucous  membrane  which  are  occasioned  by 
the  follicles,  there  exists,  in  the  middle,  a  small  pit-like,  elongated, 
or  round  opening,  ^  to  in  diameter,  which  leads  to  a  small 
depression  of  the  mucous  membrane  over  the  follicte.  Böhm  had  in 
his  time  allowed  himself  to  be  misled  by  these  depressions,  which  are 
never  present  upon  normal  follicles  of  the  small  intestine,  and 
regarded  the  follicles  as  folhcular  glands  with  openings,  which,  how- 
ever, is  incorrect ;  for  at  the  bottom  of  this  depression  there  lies,  as 
Brücke  also  observes,  a  completely  shut,  somewhat  flat  capsule,  of 
exactly  the  same  structure  as  the  follicles  in  the  small  intestine, 
and  also  with  vessels  in  the  interior,  as  I  recently  found  likewise 
in  man. 

The  blood-vessels  of  the  glands  and  follicles  of  the  large 
intestine  present  the  same  conditions  as  in  the  small  intestine. 
Around  each  Lieberkiihnian  opening  there  is  a  ring  formed  of 
vessels  o'oob'"  to  o-oi'"  in  diameter,  which  is  sometimes  simple, 
sometimes,  especially  in  the  neighbourhood  of  the  solitary  cap- 
sules, multiple.  From  these  vessels,  wider  venous  trunks  arise, 
which  pass  inwards  between  the  glands;  whilst  finer  capillaries, 
arising  immediately  from  the  arteries,  form  a  dense  network  around 
these  (fig.  136).  The  relations  of  the  lymp>hatics  in  the  mucous 
membrane  are  wholly  unknown,  as  also  those  of  the  nerves.  The 
epithelium  presents,  throughout,  the  same  conditions  as  in  the  small 
intestine,  and,  at  the  anus,  is  marked  off  from  the  external  epidermis 
by  a  tolerably  sharp  border. 

§  157.  Development  of  the  Intestinal  Canal. — The  lohole  intes- 
tinal wall,  however  dillcrent  it  may  subsequently  appear,  arises 
from  two  formative  parts,  viz.,  i.  from  the  lower  yerminal  lamina 
(mucous  lamina.  Pander- Baer ;  mucous  membrane.  Reichert; 
glandular  lamina,  or  intestinal  gland-lamina,  lieniak) ,  which  is  not 
the  basis  of  the  entire  mucus  membrane,  but  only  that  of  the 
intestinal  epithelium,  and  the  intestinal  glands;  and  2.  from 
the  middle  germinal  lamina  (vascular  lamina.  Pander;  mem- 
brana  intermedia.  Reichert),  which,  besides  many  other  parts 
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(muscles,  bones,  nerves,  heart),  also  furnishes  the  muscular  coat  of 
the  intestine,  as  well  as  the  vessels,  nerves  and  investments  of  the 
intestinal  glands. 

At  the  commencement,  and  for  some  time  after,  the  inner  layer,  or  the  epi- 
thelial tube,  consists  merely  of  cells  ;  and,  by  their  continued  multiplication 
both  in  the  area  and  thickness  of  the  membrane  — and  effected,  accord- 
ing to  Bemali,  by  division,— it  becomes  converted,  first,  into  the  subsequent 
epithelium,  and,  secondly,  into  the  (jlands  of  the  intestine.  Of  the  latter, 
the  Lieberkühnian  glands  of  the  small  intestine  are,  from  the  commence- 
ment, hollow  recesses  of  the  epithelium;  whilst  the  sahvary  and  the 
Brunnerian  glands,  like  the  sudoriparous  glands,  are  solid  processes  of  the 
epithelium,  and  acquire  their  cavities  when  they  become  further  ramified. 

The  glands  of  the  stomach  and  large  intestine  also  certainly  arise  from  the 
primitive  epithelial  tube,  whether  as  inversions  or  sohd  growths  is  still  undeter- 
mined, and  form,  at  first,  a  layer  which  is  completely  separated  from  the 
fibrous  layer  of  the  intestine,  and,  consequently,  the  epithelium,  upon  these 
places,  appears  much  thicker  than  subsequently.  Afterwards,  delicate  vas^ 
cular  processes  grow  inwards  from  the  fibrous  layer  between  the  glands,  till  at 
length  both  layers,  becoming  intimately  connected,  represent  the  proper 
mucous  membrane.  Similar  and  still  more  considerable  outgrowths  of  the 
fibrous  layer  form  the  villi,  whilst  from  its  outer  parts  the  muscular  and  serous 
coats  are  developed. 

The  investigation  of  the  intestinal  mucous  membrane  presents  greater 
obstacles  than  that  of  other  parts.  The  epithehum  is  generally  found  well 
preserved  only  in  perfectly  fresh  specimens,  and,  for  the  most  part,  readily  dis- 
integrates into  its  elements.  The  vilh  are  best  seen  in  thin  perpendicular 
sections  made  with  fine  scissors,  and  examined  with  low  magmfymg  powers 
by  reflected  light.  During  the  process  of  absorption,  they  are  mostly  found 
filled  with  fat  and  nuclei,  so  that  their  several  parts  are  imperceptible,  with 
the  exception  of  the  chyle-vessels,  which  become  distinct  by  the  addition 
of  acetic  acid,  or  still  better  of  diluted  caustic  soda.  At  other  times,  the 
muscles  of  the  villi  are  easily  recognised  by  their  nuclei  when  acetic  acid 
is  added.  To  study  the  blood-vessels,  injections  must  be  employed,  especially 
usch  as  have  been  made  contemporaneously  from  the  arteries  and  veins,  and 
are  preserved  in  moist  condition  (still,  the  vessels  of  the  vilh  are  readily 
seen,  even  in  perfectly  fresh  objects).  The  same  applies  to  the  other  parts 
of  the  intestine,  in  which  perpendicular  sections  are  especially  instructive. 
For  the  glands,  I  employ  fresh  pieces  of  intestine,  although  the  preparation  of 
such  is  frequently,  as  in  the  stomach,  extremely  difficult ;  also,  such  as  have 
been  hardened  in  absolute  alcohol,  wood-vinegar,  or  chromic  acid ;  further, 
mucous  membrane  boiled  with  acetic  acid  of  80  per  cent,  and  dried  {Purkinje 
and  Middeldorpf\  or  saturated  with  gum  and  dried  {Wasmann),  of  which  thm 
perpendicular  and  transverse  sections  are  to  be  made  with  a  sharp  knife, 
and  which,  if  requisite,  may  be  rendered  clear  by  the  addition  of  a  little 
caustic  soda.  The  separation  of  the  mucous  membrane  into  its  ele- 
ments is  most  difficult,  especially  when  it  is  thick,  as  in  the  horse  and  pig. 
This  is  easier  in  the  dog,  cat,  and  rabbit,  and  in  the  ruminants,  m  which, 
when  the  back  of  the  knife  is  carried  over  the  mucous  membrane  at  the  same 
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time  strongly  pressing,  the  epithelium  of  the  glands  is  frequently  extracted 
in  continuity,  which,  of  course,  gives  all  the  information  that  could  be  desired 
concerning  the  form  and  the  lining  of  the  glands.  Moreover,  the  mucous 
membrane  of  the  stomach  of  the  last-mentioned  animals  readily  breaks  up 
into  its  elements  by  simple  teasing  out. 

The  glands  of  Brimncr  occasion  no  difficulties  except  as  to  their  excretory 
ducts,  which,  however,  are  distinctly  seen  in  perpendicular  sections,  and  in  ani- 
mals, also,  when  the  mucous  membrane  is  teased  out.  The  Lieberkiihnian  glands 
may  likewise  be  very  readily  isolated  in  their  entire  length  ;  whilst  the  closed 
folhcles  of  the  intestine  are  to  be  carefully  exposed  from  without,  to  be 
isolated  or  pricked,  and  also  to  be  studied  upon  perpendicular  sections.  The 
muscular  layer  of  the  mucous  membrane  is  likewise  to  be  exposed  from 
without  by  the  detachment  of  the  tunica  ncrvca,  and  then  to  be  detached  in 
small  segments  from  the  glandular  layer  ;  its  elements  are  very  well  seen  after 
maceration  in  nitric  acid  of  20  per  cent. 

Liteo-ature —^VROi:ii  Boyd,  On  the  Structure  of  the  Mucous  Memlmine  of  the 
Stomach,  Min.  Med.  and  Surg.  Journ.,  xlvi.,  p.  28z.  Th.  L.  W.  BiscnoFP,  in 
Müll.  Arch.,  1838,  p.  503,  with  drawings.  Wasmann,  De  Dicjestione  Nonnulla, 
Berol.,  i839,c.tab.  L.  Böhm,  Be  Glandularum  Intestinalium  Structura  Fenitiori, 
Berol.'  1835,  8  c.  tab. ;  and  Die  Kranke  Darmschleimhaut  in  der  Asiatischen 
Cholera,  BerL,  1838.  J.  Henle,  SymUlce  ad  Anatomiam  Villorum  Intesti- 
nalium  impr.  corum  Epithelii  et  Vasorum  Lacteorum,  c.  tab.  Berol.,  1837,  4to. 
J.Elouch,  in  Mem.de  la  Societe  d' Histoire  Natur.de  Strasbourg,  lil,  3  Strasb., 
1845.  A.  Th.  Middeldorpf,  De  Glandulis  Brunnianis,  VratisL,  1846,  c.  tab. 
E.  H.  Weber,  in  Müll.  Archiv.,  1847,  p.  400  ;  and  in  Bericht  der  K'önigl. 
Sachs.  Gesellschaft  der  Wissenschaften,  Heft  vii.,  18  May,  1847,  p.  245. 
Frerichs  (and  Frei),  Art.  Verdauung,  in  Wagner's  Handw.  d.  Physiologie, 
Bd.  iii.,  p.  738— 755.  E.  Brücke,  in  Denkschriften  der  Wiener  Akademie, 
Bd.  ii.,'1850  ;  and  in  the  Berichten  der  Akademie,  1851.  Kölliker,  in  Zeit- 
schrift für  wiss.  Zoologie,  Bd.  iii.,  1851,  p.  106.  Allen  THOMSON,in  Goodsir's 
Ann.  ofAnat.  and  Phijs.,  i.,  p.  33-  F-  Ernst,  UeUr  die  Anordnung  der  Blut- 
gefässe in  den  Darmhäuten,  Zürich,  1851,  Diss.  c.  tab.  Ecker,  in  Zeitschrift 
f  rat.  Med.,  ii.,  1852,  p.  243.  Henle,  ibid.,  ii.,  1852,  p.  309.  Bruch,  in 
Zeitschrift  f.  wiss.  Zoologie,  iv.,  p.  282.  Brücke,  in  Dcnkschr.  d.  Wien.  Akad., 
1853.  köLiAKEU,  in  WurzK  Verh.,  iv.,  i).  5^'  Funke,  ibid.,  vi.  Bonders, 
in  Ned.  Lane.,  1852,  Oct.,  p.  265  ;  ibid.,  p.  218  ;  ibid.,  Feb.,  April,  1853.  Berlin, 
in  Ned.  Lane,  July,  Aug.,  1852.  Treitz,  in  Prag.  Viert.,  1853,  i.,  p.  113. 
T.  Brettauer  and  T.  Steinach,  in  the  Sitzungsberichte  der  Wiener  Akad., 
jg^^^  p_  ^03,  Q,  Meissner,  UeUr  die  Nerven  der  Darmwand,  in  Henle's  Zeit- 
schrift, 1857,  p.  364.  For  Drawings,  Ecker's  Icon.,  Tab.  I.  II.  (very  beautiful), 
and  Funke's  Atlas,  Tab.  VIII.,  may  also  be  mentioned. 


V. — Of  the  Liver. 

§  158.  The  liver  is  a  large  gland,  whicli  is  distinguished  from 
the  compound  glands,  hitherto  described,  such  as  the  salivary, 
even  by  the  intimate  connection  of  its  larger  subdivisions,  and 
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is  altogether  peculiar  in  respect  of  tlie  structure  of  the  secerning 
parenchyma,  which  prepares  the  gall.  The  parts  which  constitute 
and  belong  to  it  are  — the  secreting  parenchyma,  consisting  of 
the  lobules  of  the  liver  and  the  networks  of  the  hepatic  cells ;  the 
biliary  passages  which  are  formed  in  this,  and  the  efferent  bile- 
ducts;  very  numerous  blood-vessels;  a  considerable  number  of 
lymphatics  and  nerves ;  lastly,  a  covering  of  peritoneum. 

§  159.  Secreting  Parenchyma,  Hepatic  Lohules,  and  Hepatic 
Substance.— li  the  natural  surface  or  a  section  of  the  human  liver 
be  examined,  it  usually  presents  a  spotted  appearance,  and  mostly 
in  such  a  manner,  that  small  red  or  brown  spots,  of  a  stellate 
shape,  are  surrounded  by  a  more  yellowish-red  substance— medul- 
lary and  cortical  substance  (Ferrein)—Yi\\\ch  colouring  arises  only 
from  the  usually  unequal  distribution  of  the  blood  in  the  small 
vessels  and  capillaries;   and,  in  quite  fresh  and  healthy  livers, 
gives  place  to  a  uniform  reddish-brown  colour.    The  human  liver, 
as  E.  H.  Weber,  1842,  first  showed,  has  no  insulated  lobules,  to 
the  assumption  of  which  the  often  regulariy  spotted  appearance 
lias  led;  and  so  much  the  more,  as  they  are  found  very  well 
marked  in  an  animal  often  submitted  to  investigation  —  the  pig ; 
but  in  man,  the  secerning  apparatus,  as  well  as  the  most  important 
parts  of  the  vascular  system,  Le.,  the  capillary  networks,  situated 
between  the  portal  and  hepatic  veins,  are  most  intimately  connected 
throughout  the  whole  liver.    Nevertheless,  we  should  be  very  much 
mistaken,  if  we  were  to  regard  the  secerning  hepatic  parenchyma 
as  being  everywhere  uniform.    There  exist  in  it  certain  ultimate 
divisions,  which,  although  by  no  means  insulated  from  each  other, 
still  possess  a  certain  independence.    These  hepatic  lobules,  as  they 
may  still  be  called,  when  the  word  is  understood  in  a  less  strict 
sense,  or  hepatic  islets  (Arnold),  arise  in  the  following  way,  viz., 
I,  the  smallest  trunks  of  the  efferent  and  afferent  blood-vessels, 
the  vena3  inter-  and  intra-lobulares  (Kiernan)  are  distributed  at 
pretty  equal  distances  through  the  whole  liver,  so  that  a  piece  of 
hepatic  substance,  of  to  i'"  in  diameter,  invariably  gives 

origin  in  its  interior  to  a  small  root  of  the  hepatic  vem,  and 
receives  from  without,  i.e.,  at  its  circumference,  a  certain  number 
of  the  finest  branches  of  the  portal  veins  and  hepatic  artery ;  2, 
the  commencement,  also,  of  the  excretory  canals  or  hepatic  ducts 
are  not  irregularly  scattered  in  the  parenchyma,  but  are  so 
arranged  that  they  always  begin  at  a  distance  of  V"  to  V"  fro^^ 
the  commencement  of  the  hepatic  veins,  and  run  with  the  finest 
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branches  of  the  portal  veins.  There  thus  arise  small  segments  m  the 
liver,  which  contain  only  secerning  parenchyma,  capillaries,  and  the 
commencements  of  the  hepatic  veins ;  whilst  in  their  interspaces, 
together  with  the  parenchyma  and  the  capillaries,  there  exist,  also, 
the  commencements  of  the  hepatic  ducts  and  the  ultimate  branches 
of  the  portal  vein  and  hepatic  artery,  which,  while  they  pass  into 
these  segments,  not  only  from  one,  but  always  from  several  dif- 
ferent sides,  and  are  strengthened  and,  in  part,  united  by  areolar 
tissue,  form,  if  not  complete,  at  least  partial  zones  around  them. 

The  livers  of  animals  which  present  lobules  (pig,  polar  bear, 
J.  Müller;  Octodon  Cummingii,  Ilyrtl)  are  of  the  greatest  im- 
portance for  the  knowledge  of  ^is  i^«^'- 
the  structure  of  this  organ,  and 
I  may  give  here,  accordingly,  a 
description  of  the  structure  of 
the  pig's  liver.    If  such  a  liver 
be    examined    on    sections  or 
otherwise,   it   is   always  found 
divided    into    numerous  small, 
roundish,   polygonal,  not  quite 
regular,  spaces  of  tolerably  uni- 
form size          to   il'''),  which 
consist  of  the  proper  liver-paren- 
chyma, and   are   separated  by 
whitish  partitions  readily  visible 
to  the  naked  eye.    If  the  cut 
surface  be  scraped  with  the  handle 
of  the  scalpel,  angular  portions 
of  the  liver,  of  the  same  size  as 
the  spaces,  become  separated,  and 
the  capsules  which  surround  them 
remain  behind  as  empty  compart- 
ments, like  a  honeycomb.  The 
latter  appear  still  more  distinctly  when  a  thin  segment  of  the  liver 
is  lightly  kneaded  in  water  with  the  fingers,  then  washed,  and 
viewed  on  a  black  ground,  in  which  case  many  compartments  re- 
main almost  completely  closed,  and  thus  present  themselves  still 
more  distinctly  as  complete  capsules.    These  capsules,  however,  are 
not  to  be  understood  as  if  every  hepatic  lobule  possessed  its  special 
envelope;  but  the  membranes,  which  form  them,  rather  belong 
always  to  several  lobules  in  common,  so  that  the  whole  presents  a 
connected  trellis-work,  whose  partitions  are  all  simple,  and  cannot 


Section  of  tlie  livor  ot  the  pig,  witli  an 
opened  hepatic  vein;  shghtly  magnified,  a. 
Large  vein,  into  which  no  intralobular  veins 
open  ;  b.  bi'anches  of  the  same  with  intra  • 
lobular  veins,  and  the  bases  of  the  lobules 
visible  through  them.   After  Kiernan. 
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be  divided  into  several  distinct  lamellse.  If  tlie  capsules,  or,  as 
they  mielit  be  still  better  called,  tlie  septa  of  tlie  lobules,  be 
followed,  it  is  found  tbat  tbey  are  chiefly  expansions  of  the  areolar 
tissue  accompanying  the  vena  port^,  etc.,  or  of  the  so-called 
capsule  of  Glisson,  although  they  are  also  connected  with  the 
serous  covering  of  the  liver,  and  adjoin  the  larger  hepatic  veins. 
Kiernan  was  the  first  to  comprehend  and  express  correctly  the  re- 
lation of  the  lobules  to  the  hepatic  vessels,  when  he  said,  that  they 
sit  upon  the  branches  of  the  hepatic  veins  like  leaves  upon  their 
stalks.  In  fact,  it  is  found,  when  a  smaller  branch  of  the  hepatic 
vein  is  cut  open  (fig.  146,  5  h\  that  it  is  surrounded  on  all  sides  by 
hepatic  lobules,  and  receives  a  vein  from  each  of  them,  so  that 
they  really  appear  to  be  attached  to  it  by  short  stalks. 

Now,  since  the  same  arrangement  exists  in  the  veins  of  medium 
diameter  downwards,  as  far  as  the  venae  intralobulares,  the  hepatic 

veins  and  lobules  may,  not 
without  reason,  be  compared 
to  a  tree,  whose  branches 
are  so  numerously  and  closely 
beset  with  polygonal  leaves, 
that  the  foliage,  so  to  speak, 
constitutes  only  one  mass. 
If,  now,  it  be  imagined  that 
another  ramified  vascular  sys- 
tem is  interpolated  from  above 
into  the  tree  of  hepatic  veins, 
so  that  its  larger  branches 
penetrate  into  the  clefts  be- 
tween the  main  divisions,  and 
the  smaller  and  smallest  into 
the  interstices  of  the  subor- 
dinate segments  and  the  lo- 
bule, and  in  such  a  manner, 
that  each  lobule  is  on  many  of 
its  sides  in  contact  with  the  finest  branches,  and  receives  a  coat 
from  the  connective  tissue  accompanying  them,  we  have  obtained 
as  definite  an  idea  as  is  possible  of  the  relations  of  the  portal  vein. 
With  regard  to  the  gall-ducts  and  the  hepatic  arteries,  they  simply 

accordinfflv,  no  further 


Branch  of  the  portal  vein  of  the  pig  cut  open, 
with  the  branches  of  the  hepatic  artery  and  duct 
accompanying  it.   After  Kiernan. 


accompany  the  portal  vein,  and  require, 

mention.  The  form  of  the  lobules  is,  in  the  pig^s  liver,  angular,  so 
that,  when  viewed  in  longitudinal  and  transverse  sections,  they 
generally  form  irregular 


four,  five,  or  six  sided  figures. 
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In  the  human  liver,  the  connective  tissue  accompanying  the  vena 
portse  between  the  hepatic  islets,  is  very  scanty,  and  there  are 
neither  sheaths  around  the  individual  islets,  nor  any  complete  en- 
closure of  them  by  the  vessels.    In  cirrhosis  hepatis,  on  the  other 
hand,  the  connective  tissue  of  the  liver-parenchyma  increases  exces- 
sively, and  the  individual  secerning  segments  may  then  appear  more 
distinctly,  or  be  quite  separated  into  true  lobules.    The  reddish- 
brown  hepatic  substance  is  softer,  because  it  is  more  macerated, 
and  sinks  in  at  the  surface  and  upon  sections  more  than  the  rest; 
it  can  also  be  more  readily  scraped  away,  and  in  fine  sections  falls 
out  from  the  surrounding  structure  with  facility.    The  cortical 
substance,  which  surrounds,  in  a  reticulated  manner,  the  reddish- 
brown   spots,  presents  narrower  portions  (fissura  interlobular  es, 
Kiernan),  and  broader  angular  ones  (sjjatia  interlohularia),  in 
which  a  red  point,  occasioned  by  a  branch  of  the  portal  vein,  may 
not  unfrequently  be  seen,  yet  not  so  regularly  as  in  the  brown 
places,  where  it  arises  from  the  vena  intralobular  is,  and  frequently 
appears  star-shaped.    From  the  greater  congestion  of  the  capil- 
lary network,  it  may  happen,  and,  according  to  Theile,  this  is  the 
rule  in  the  majority  of  healthy  human  livers,  that  the  fissura 
interlobulares  disappear,  and  the  brown  substance  appears  in  the 
form  of  a  network,  and  the  yellow  in  that  of  isolated  spots.    I  find 
that,  as  already  mentioned,  perfectly  fresh  livers  are  mostly  coloured 
uniformly.    Kiernan  describes,  in  the  liver  of  children,  a  reversal 
of  the  colouring,  which  he  attributes  to  a  congested  state  of  the 
vena  port?©,  so  that  the  outer  parts  of  the  hepatic  lobules  are 
more  injected.    Neither  Tlieile  nor  I  have  directed  our  attention 
to  this  form.^ 

§  160.  Hepatic  Cells  and  Repatic  Cell  Networks .—F^^oh  hepatic 
islet  contains  two  elements:  i.  a  network  of  capillaries,  which  is 
connected,  on  the  one  hand,  with  the  finest  branches  of  the 
portal  vein,  and  on  the  other,  collects  its  blood  into  its  central 
vein,  one  of  the  commencements  of  the  hepatic  veins ;  and  2.  a 
mesJncork  of  delicate  trabecule,  which  consist  solely  of  ceDs  closely 
and  continuously  joined  to  one  another,  the  hepatic  cells,  as  they 
are  termed.  These  two  networks  are  so  interwoven  with  one 
another,  that  the  interspaces  of  the  one  are  completely  filled  up  by 
the  parts  of  the  other ;  and  there  exist,  at  least  when  the  vessels 

*  According  to  L.  Beale,  the  lobules  of  the  liver  of  the  pig  are  each  pro- 
vided with  a  separate  fibrous  capsule  of  its  own,  so  that  each  partition 
between  two  lobules  would  be  formed  by  two  membranes,  united  by  connective 
tissue. 


arein^ecTfü  r^-  ::t:t:"'i  ho  interspaces  cenrcen  ihein.  Xo 

rr:.j^  ::  "  f  is  lo  be  seen  in  tMs  network,  and 

:  1    :  r    :  _  _  :  L :      :  :  i  fry  of  the  hepaiic  islets  at  tlie 
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ciinsist, — ^besides  aromid. 
vesicnLar  nndens.  O  C03 
to  c-co^.""  in  size,  and  a 
nncleolns,  double  in  many 
cells, — of  a  finely  granu- 
lar, slightly  yellowish 
and  semi-flnid  substance, 
which,  as  microscopical 
examination  shows,  pro- 
bably contains  the  essen- 
tial elements  of  the  bile. 
Moreorer,  there  are  fire- 
qnently  met  with  fet- 
-  ~  The  foimer  are  present  fig. 
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-    :  C  DCi"       1   —  -'z2.  yellow  or  yellowish-brown. 

7  is  re -agents  exactly  as  the  cclouiing  matter  of 
:  - i-  the  intestinal  canal,  seeing  that  they 
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tmdergo  no  change  of  coIotit  on  the  addition  of  nitric  acid,  and  do 
not  dissolve  in  canstic  alkalies. 

The  hepatic  cells  are  so  arranged  in  the  hepatic  islets  as  to  form 
longer  or  shorter  columm.  which  unite  hv  short  lateral  anas- 
tomoses, and  form  in  this  manner  a  close  neir^ork.  The  simple  or 
branched  rows  of  hepatic  cells,  which  are  always  met  with  among 
the  scraped-off  particles  of  the  lirer,  are  nothing  else  than  frag- 
ments of  this  hepatic  cell-network,  whose  elements  are  not  very 
firmly  connected.  Considered  as  a  whole,  the  network  of  each 
hepatic  lobnle  presents,  at  the  periphery,  romi^:^'::  iieshfö  :  in  the 
centre,  on  the  other  r^ijy. 
hand,   always    a  ra-  ^  ^ 

diated     arrangement,  ^  ^ 

and  in  such  a  manner, 
that  in  transrerse  sec-  ^  _ 

tions,  passing  through  ^^^Ä^ 
the  central  rein,  elon- 
gated   and    ramified  C 
trahecnlse  of  hepatic  ^.  j: 

cells  appear  to  spread  ~ 
ont  from  the  latter, 
with     small     lateral  -  ■      _  # 

anastomoses    towards  ^^.-g—^^-s-  -  -^^  ^ 

aU  sides,  the  meshes  — .s^^^aj^^ 
between  them  appear-  «. 
ing   as   long  narrow 

fissures.  The  trabecuiae,  or  columns,  of  the  hepatic  ceiis  consist 
sometimes  of  i  to  3,  more  rarely  of  4  to  5  rows  of  cells ;  they  have 
a  diameter  of  c  ci  "  to  C  '  in  the  average,  o-cc6"'to  0  02'"inthe 
extremes,  and  are,  in  general  cylindrical  or  prismatic,  although 
bv  no  means  resnlarly  so :  but  sometimes  of  one  form,  sometimes 
of  another,  with  arched,  and  even  in  some  places  depressed  sur- 
faces, and  rounded  or  sharp  borders.  The  meshes  of  the  hepatic 
cell-network  correspond  to  the  diameters  of  the  capillaries  and  the 
larger  adjoining  vessels  of  the  hepatic  islets,  by  which,  during  life, 
thev  are  completely  filled,  as  will  be  noticed  more  fuLLy  below. 

According  to  the  above,  the  secerning  parenchyma  of  the  Hver 
contains  throughout  no  canah  which  could  be  designated  as  finest 
or  secretins  bihary  canals,  as  has  been  assimied  by  many  authors 
(Htrde,  Gtrlach^' H]frtl,  X.  GuilloU  LerelouUeij,  but  consist  of 
solid  networks  of  the  hepatic  cell-columns,  which  view  was  first  dis- 
tinctlv  averted  bv  me  in  1S52,  und  sIs^d  esriciired  ^Lysiobgic^i-lv. 
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after  HandfieU  Jones  liad  already  described  tlie  hepatic  lobules  as 
being  composed  of  solid  rows  of  cells  (see  my  Micr.  Anat.  II.  2). 

The  only  question  that  can  arise  is,  whether  the  columns  of 
hepatic  ceils  are  surrounded  by  a  delicate  membrane,  or  whether 
they  are  free  and  directly  applied  to  the  capillary  network.  The 
former  view  has  been  advocated  by  many  observers,  especially  by 
Krukenherg,  Schröder  van  der  Kolk,  Retzius,  Tlieile,  Backer,  and 
Leidy ;  but  none  of  these  has  been  able  to  demonstrate  the  exist- 
ence of  such  a  membrane  beyond  all  doubt.    Even  L.  Beale,  to 
whom  we  are  indebted  for  a  most  elaborate  paper  on  the  liver,  and 
who  has  brought  forward  many  facts  in  favour  of  the  existence  of 
delicate  tubes  of  basement  membrane,  in  which  the  liver-cells  lie, 
is  obliged  to  confess,  that  in  many  cases  this  membrane  cannot  be 
demonstrated.    Beale  says  (On  some  Points  in  the  Anatomy  of  the 
Liver,  p.  44),  '  The  circumstances  above  enumerated  impress  me 
with  the  idea,  that  the  liver  is  orginally  composed  of  two  distinct  net- 
works, which  intimately  interdigitate  with  or  fit  into  each  other  — 
one  containing  the  secreting  cells,  the  other  the  blood.    As  de- 
velopment advances,  the  walls  of  these  two  sets  of  tubes  gradually 
become  incorporated,  except  in  those  situations  where  the  capillary 
network  is  less  dense,  or  where  the  meshes  of  the  cell-containing 
network  are  more  widely  separated  from  each  other,  in  which  cases 
a  distinct  limitary  membrane  to  the  tubes  containing  the  liver-cells 
can  be  demonstrated  in  the  adult/    Further  on  he  remarks:— 
'Under  some  circumstances,  then,  it  is  demonstrable  that  the 
basement  membrane  of  the  cell-containing  network  is  distinct 
from  the  walls  of  the  capillaries ;  but  in  the  greater  part  of  the 
lobule,  where  the  two  membranes  come  into  close  contact,  they  are 
incorporated,  so  that  really  the  majority  of  the  liver-cells,  except 
where  they  are  in  contact  with  each  other,  are  surrounded  with 
blood,  from  Avhich  they  are  only  separated  by  a  thin  layer  of  de- 
licate structureless  membrane.^ 

From  this  quotation,  it  may  be  seen  that  Beale  agrees  with  me 
in  one  great  point,  ^^z.,  that  the  membranes  around  the  network 
of  liver-cells  cannot  be  demonstrated  in  the  interior  of  the  lobule ; 
on  the  other  hand,  the  excellent  observations  of  the  able  Professor 
of  King's  College  have  convinced  me  that  such  membranes  really 
exist  in  the  exterior  parts  of  the  lobules,  at  the  points  of  commu- 
nication between  the  smallest  biliary  ducts  and  the  network  of 
the  secreting  cells.  But  I  cannot  agree  in  the  opinion  which  he 
expresses,  that  the  liver- cells  do  not  exactly  fill  the  delicate  tubes 
in  which  they  lie,  and  that  the  bile  passes  along  the  tubes  in  the 
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slight  interstices  between  the  cells  and  the  basement  membrane. 
According  to  my  view,  the  spaces  which  are  seen  in  an  injected  liver 
are  not  natural ;  and  there  can  be  no  doubt  that  the  bile  is  trans- 
mitted from  cell  to  cell  till  it  arrives  to  the  smallest  real  ducts, 
whose  communications  with  the  network  of  cells  will  be  described 
in  the  following  paragraph. 

Such  a  conduction  through  closed  cells  is,  as  vegetable  physiology 
sufficiently  shows,  not  impossible,  only  it  will  not,  of  course,  take 
place  so  rapidly  as  in  places  where  true  canals  subserve  this  purpose. 
Since  the  bile,  as  the  more  recent  observations  show  more  and  more 
distinctly,  is  not  merely  secreted  from  the  blood,  but  really  formed 
in  the  liver,  and,  at  the  same  time,  is  the  most  complex  of  the  secre- 
tions, it  may  be  supposed,  that  the  peculiar  arrangement  of  the 
secerning  parenchyma  in  the  liver  has  a  very  intimate  relation  with 
the  above  circumstances.  In  fact,  the  blood-plasma,  when  it  has  to 
pass  through  many  cells,  and  suffer  their  metabolical  influences, 
must  undergo  entirely  different  changes  before  it  arrives  at  the  ex- 
cretory canals,  than  when  it  is  separated  from  the  canals  of  the 
glands  only  by  a  simple  layer  of  cells  and  one  or  two  structureless 
coats.  The  necessary  slowness  of  the  process  in  these  circumstances, 
is  compensated  by  the  elaboration  of  the  secretion  and  the  size  of 
the  organ. 

If  nitric  acid  be  added  to  the  hepatic  cells,  they  become,  as  Backer  also 
mentions,  greenish-yellow  coloured.  Sugar  and  sulphuric  acid  render  them  red. 
Water  produces  in  the  cells  an  abundant  precipitate  of  dark  granules,  which 
generally  dissolve  readily  and  completely  in  acetic  acid,  so  that  the  cells 
become  more  or  less  pale,  as  is  also  the  case  when  only  the  acid  is  added.  When 
the  liver  is  boiled,  the  parenchyma  becomes  hard,  and  the  cells  appear  con- 
tracted and  granular.  Diluted  caustic  alkalies  quickly  attack  and  dissolve  the 
hepatic  cells  of  animals ;  in  man,  the  cells  resist  longer  :  still  they  immediately 
swell  up  to  double  their  previous  size,  become  quite  pale,  and  at  length  also 
disappear.  Ether  and  alcohol,  as  also  sulphuric  and  nitric  acids,  render  the 
cells  smaller  and  granular.  The  inference  from  these  and  the  above- 
mentioned  facts  is,  that  the  hepatic  cells  contain  a  considerable  quantity  of 
nitrogenous  substances,  bile-colouring  matter,  fat,  and  perhaps,  also,  the  acids 
of  the  bile.  The  sugar,  which  more  recent  investigations  have  shown  to 
be  present  in  the  liver,  is,  perhaps,  to  be  considered  as  being  formed  in  the 
parenchyma,  in  the  cells  accordingly,  and  not  merely  in  the  blood.  The  liver- 
cells  of  young  mammalians  are,  according  to  the  observations  of  Glvfje  and 
myself,  very  often  found  full  of  fat,  so  that  the  livers  of  such  animals  have 
the  greatest  resemblance  with  fatty  Hvers. 

§  i6i.  Efferent  Biliary  Passages.— The  hepatic  duct,  with  its 
branches,  accompanies  the  portal  vein  and  hepatic  artery,  so  that 
a  branch  of  the  portal  vein  has  always,  on  one  side,  a  much  nar- 
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rower  gall-duct,  and  ou  the  other,  an  artery  which  is  likewise  narrow, 
and  is  surrounded  along  with  them  by  an  envelope  of  connective 
tissue,  the  capsida  GUssonii,  as  it  is  termed.  In  man,  the  hepatic 
ducts  ramify  in  an  arborescent  manner  with  the  portal  vein;  they  can 
be  exposed  with  the  knife  for  a  considerable  extent  inwards,  and 
can  be  traced  with  the  microscope,  in  fresh  and  injected  livers,  as 
far  as  the  lobules.  Before  they  pass  to  the  lobules,  the  hepatic 
ducts  unite  here  and  there  by  smaller  branches ;  but  the  anas- 
tomoses of  the  small  interlobular  branches,  coming  from  opposite 
points,  are  very  rare  ( Beale).  From  these  interlobular  ducts  finer 
branches  are  given  off  to  the  lobules,  and,  in  the  human  subject 
according  to  Beale,  are  connected  together  so  as  to  form  a  lax  net- 
work of  ducts,  which  is  directly  continuous  with  the  lobular  network 
of  liver-cells,  as  represented  in  fig.  150,  after  L.  Beale,  who  first 

Fig,  150. 


Termination  of  a  small  interlobular  duct  in  the  pig's  liver,  and  communication  of  its 
smallest  branches  with  the  network  of  tubes  containing  liver-cells. 

succeeded  in  showing  the  manner  in  which  these  two  structures 
unite.  The  smallest  ducts  are  lined  with  a  single  layer  of  very  deli- 
cate, flattened  epithelial  cells,  and  not  wider  than  -^Q-^th  of  an 
inch;  therefore,  they  contrast  remarkably  with  the  tubes  of  the 
secreting  network,  whose  breadth  is  about  y'öSö"^^  ^^^^ 
whose  cells  are  nearly  of  the  same  size. 

All  the  hepatic  ducts  down  to  canals  of  o*i'''  in  diameter, 
consist  of  a  thick  fibrous  coat,  of  dense  areolar  tissue,  with 
numerous  nuclei  and  elastic  fibrils,  and  of  a  cylindrical  epithelium 
O'oi'"  in  thickness,  which,  in  ducts  below  0"04'"  to  0-05''' in  dia- 
meter, is  gradually  converted  into  a  pavement  epithelium.  The 
ductus  choledochus  and  cystic  duct  are  similarly  constructed,  only 
their  walls  are  thinner,  and  are  distinctly  sub- divided  into  a  mucous 
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membrane  and  a  fibrous  layer,  which  latter  also  contains  a  few 
muscular  fihre-cells,  though,  upon  the  whole,  so  sparingly,  that  these 
ducts  cannot  be  said  to  possess  a  special  muscular  coat. 

The  gall-bladder  possesses  a  dcHcate  muscular  coat,  between  the 
peritoneal  covering  and  the  abundant  submucous  tissue,  whose 
fibre-cells,  0-03'"  to  0-04'"  long,  run  chiefly  in  the  longitudinal  and 
transverse  direction,  and  have  only  indistinct  nuclei.  The  mucous 
membrane  is  characterised  by  numerous  larger  and  smaller  reti- 
culated folds,  in  which  there  exists  a  capillary  network  entirely 
similar  to  that  of  the  broad  intestinal  viUi.  It  is  covered  with 
a  cylindrical  epithelium,  whose  separate  cells,  like  the  coats  of 
the  bladder  in  general,  are  often  tinged  with  bile,  and  do  not 
always  present  distinct  nuclei. 

The  biliary  ducts  contain  in  their  walls  a  number  of  small,  race- 
mose, yellowish  mucous  glands,  gall- duct- glands,  as  they  are  termed, 
whose*  glandular  vesicles,  o-oi6'"  to  0-024'"  in  size,  do  not  essen- 
tially deviate  from  those  of  other  small  racemose  glands.  In  the 
ductus  hepaticus,  choledochus,  and  the  lower  part  of  the  cijsticus, 
the  glands  are  very  numerous  in,  and  in  part  external  to,  the 
fibrous  coat,  of  l"'\o  i'"  and  more  in  size,  and  open  singly  or 
several  together,  by  mouths  of  o-i'"  to  0-14"'  in  diameter,  which 
are  visible  to  the  naked  eye,  and  give  the  mucous  membrane  of 
these  canals  a  reticulate  appearance.  At  the  commencement  of 
the  cystic-duct  the  glands  are  rare,  and  are,  in  any  case,  not  constant 
in  the  gall-bladder,  in  which  some  believe  they  have  seen  them. 
On  the  other  hand,  glands  are  seen  in  the  branches  of  the  ductus 
hepaticus  as  far  as  those  of  V"  in  diameter,  and  open  in  part  with 
two  rows  of  minute  openings,  visible  in  these  ducts. 

We  have  still  to  notice  here  some  peculiar  ramifications  of  the  bile-ducts, 
the  vasa  aberraiüia  (E.  H.  Weber).  They  are  met  with— in  the  ligamentum 
trianguläre  sbiistrum,  in  the  membranous  pons,  which  connects  the  Spigehau 
and  right  lobes  behind  the  vena  cava,  then  in  the  membranous  pons  wliich 
often  covers  the  vena  umbilicaHs,  in  the  large  portal  canals  (Beale),  and  at 
the  border  of  the  fossa  of  the  gall-bladder— as  canals,  o-oo6"'  to  0-027"'  wide, 
and  consisting  of  a  fibrous  coat  and  small  cells.  In  the  fossa  transversa 
hejMtis,  the  right  and  left  branch  of  the  ductus  hepaticus  (and  its  smaller 
branches  in  this  situation),  give  off,  according  to  E.  H.  ^Ye'ber,  a  number  of 
finer  twigs,  which  spread  out  in  the  connective  tissue  of  the  capsule  of 
Glisson  covering  the  fossa,  and  form  a  network,  which  thus  connects  the  right 
and  left  hepatic  duct.  Many  smaller  branches  of  these  gall-ducts  terminate 
with  short  swollen  extremities,  i:"  to  ^"  in  diameter  ;  and  upon  the  walls  of 
these  ducts,  in  general,  there  exist  a  number  of  roundish  projections,  which, 
hke  the  walls  of  the  smallest  bronchial  ramifications,  appear  to  be  formed  by 
flattened,  coalesced  vesicles  having  wide  communications  with  the  cavity  of 
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the  canals.  What  Wehr  thus  describes  as  vasa  aberrantia,  were  subsequently 
described  by  Theile  as  glands  of  the  bihary  ducts.  On  the  other  hand,  L, 
Beule  has  not  only  adopted  Welter's  opinion  on  these  structures,  but  goes 
so  far  as  to  regard  all  the  reputed  mucous  glands  of  the  hepatic  ducts  as 
parts  of  the  biliary  canals. 

The  bile  is  norrually  quite  fluid,  and  contains  epithehal  cells  only  as  an 
accidental  mixture  from  the  larger  gall-ducts.  Liver-cells  never  occur  in 
it,  and  are  only  accidentally  and  in  few  instances  met  with  in  the  smaller 
ducts  (Whai'ton  Jones,  L.  Beale).  Constituents  which,  though  abnormal, 
are  very  frequent,  are  —  fat-globules,  colouring  matter  of  the  bile  in  the 
form  of  granules  or  granular  masses,  which,  as  in  the  hepatic  cells,  are 
separated  in  considerable  quantities,  in  the  bile  itself,  under  certain  cir- 
cumstances. With  these  there  are  to  be  ranked,  but  of  more  rare  occurrence, 
crystals  of  Cholesterine,  and  especially  the  reddish  needles  of  bilifulvin,  which 
were  very  recently  observed  by  Vircliow.  According  to  Virchow,  the  epi- 
thelial cells  of  the  gall-bladder  have  the  same  structure  as  those  of  the 
small  intestine,  and  are  also  often  found  filled  with  fat,  which,  as  Virchow 
supposes,  has  been  absorbed  from  the  bile  (Virch.  ArcJi.,  LXI.). 

§  162.  Vessels  and  Nerves  of  the  Liver. — The  liver  is  alto- 
gether singular  in  respect  of  its  blood-vessels,  inasmuch  as,  besides 
an  artery  and  a  returning  vein^  it  possesses  an  afferent  vein,  the  portal 
vein.  Whilst  the  latter  vessel  supplies,  properly  speaking,  the 
secreting  parenchyma,  and  is  by  the  capillary  network  there 
situated  directly  continued  into  the  hepatic  veins,  the  artery  is 
destined  more  for  the  nourishment  of  the  walls  of  the  bile-ducts, 
the  portal  vein  itself,  the  capsule  of  Glisson,  and  the  serous  in- 
vestment of  the  liver,  and  takes  only  a  subordinate  share  in  the 
formation  of  the  capillary  network  of  the  hepatic  islets.  The 
ramifications  of  the  portal  vein,  and  of  some  small  veins  of  the 
gall-bladder,  and  of  the  stomach  (see  Weber,  Anii.  Acad.,  II., 
1845),  ^vhich  pass  into  the  liver  separately,  generally  take  place 
dicliotomously ;  still,  besides  the  main  branches  into  which  they 
divide,  a  number  of  smaller  vessels  pass  off  at  right  angles,  both  from 
the  largest  and  from  the  somewhat  smaller  branches.  These  vessels, 
passing  off  at  right  angles,  betake  themselves,  often  immediately, 
often  after  a  very  short  course,  to  the  hepatic  islets,  which 
bound  the  principal  vascular  canals;  whilst  the  portal  branches, 
all  becoming  more  and  more  branched  and  attenuated,  have  to  run, 
for  a  greater  or  less  distance  according  to  their  diameter^  through 
liver-parenchyma  in  the  vascular  canals,  lined  by  the  capsule  of 
Glisson,  before  they  proceed  to  the  hepatic  islets  or  lobules.  Each  of 
these  receives  from  the  one  or  the  other  order  of  portal  branches  at 
least  3,  mostly  4  or  5  small  vessels,  j^-q'"  to  -g^^'  in  diameter,  which 
Kirrncm  calls  vena'-  inferlohulares ;  still,  such  a  vein  never  supplies 
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only  one  hepatic  islet,  but  always  two,  or  even  tliree.  Their  ulti- 
mate twigs,  ra7ni  lobulares  (Klernan),  penetrate,  to  the  number  of 
ten,  fifteen,  or  twenty,  and  mostly  at  right  angles,  into  the  neigh- 
bouring lobules,  and  immediately  break  up  into  the  capillary 
network,  without,  in  man,  being  in  direct  connection  with  each 
other.  Anastomoses  of  the  portal  branches  are  extremely  seldom 
met  ^'\i\\{L.Beale),  their  ramifications  being  connected  only  by 
the  finest  vascular  network  of  the  organ. 

The  capillarij  7ietwork  of  the  hepatic  islets  completely  fills  up 
the  interspaces  of  the  hepatic  cell-network,  so  that  the  secreting 
parenchyma  of  the  liver  consists  only  of  two  elements,  the  hepatic 
cells  and  the  blood -capillaries.  Just  as  the  hepatic  cell-network 
forms  a  connected  whole  throughout  the  liver,  although  it  is  divided 
into  numerous  minute  patches  by  vessels  which  enter  into,  and 
gall-ducts,  which  issue  from  it  regularly  at  stated  distances;  so  also 
the  capillary  network  of  the  blood-vessels,  passes  from  one  hepatic 
lobule  to  the  other,  although  it  presents  interruptions  at  certain 
places.  The  width  of  the  capillaries  is  generally  somewhat  less 
than  that  of  the  hepatic  cell-network,  but  still  proportionally 
considerable,  being,  in  man,  0-004'"  to  0-0055"',  on  an  average, 
0-002"'  to  0-0 1"'  in  the  extremes ;  and  the  wider  vessels  are  situated 
especially  in  the  neighbourhood  of  the  entering  and  departing 
veins  of  the  lobules,  the  narrowest  in  the  middle  between  the  two. 
The  meshes  of  the  network  correspond,  of  course,  to  the  form  of 
the  hepatic  ceU-network,  and  are,  accordingly,  more  elongated  in 
the  interior  parts  of  the  lobules  and  more  roundish  towards  the 
circumference,  whilst  their  breadth  equals  that  of  the  trabeculte 
of  the  hepatic  cells,  and  amounts  to  0  006"'  to  0-02'".  ^ 

The  hepatic  veins  essentially  resemble  the  portal,  in  so  far  as 
they  have  no  valves,  ramify  in  an  arborescent  manner  at  acute 
angles,  do  not  anastomose,  and  receive  along  with  larger  branches 
a  number  of  small  vessels.  On  the  other  hand,  these  veins  lie 
apart  from  the  other  vessels,  in  special  canals  of  the  hepatic 
substance,  and  are  firmly  connected  with  it,  so  that,  when  cut 
through,  they  do  not  collapse,  and  are  destitute,  at  least  in  the 
finer  ramifications,  of  an  outer  covering  of  connective  tissue,  which 
is  but  very  slightly  developed  even  in  the  largest  trunks.  But 
the  relations  of  the  ultimate  branches  of  the  hepatic  veins,  which 
Kiernan  calls  vence  intralobular  es,  and  Krukenberg,  vencB  centrales, 
is  quite  different  from  that  which  the  vena  portce  presents.  ^  These 
intralobular  veins,  0-012"'  to  0-03'"  in  diameter,  in  man,  it  is  best 
to  studv  first  in  some  animal  whose  liver  is  divided  into  isolated 
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lobulesj  as  in  tlie  pig;  from  which^  indeed,  Kiernan  lias  taken  his 
figures^  which  are  to  some  extent  diagrammaticaL  If  a  small 
branch  of  a  hepatic  vein  be  opened  in  the  animal  mentioned,  there 
are  distinctly  seen,  through  the  walls  of  the  vessel,  polygonal  areolae, 
which  represent  the  surfaces  of  the  lobules  directed  towards,  and 
bounding  the  vein. 

A  small  vein,  passing  out  of  the  middle  of  each  of  these  sur- 
faces, which  Kiernan  calls  bases  of  the  lobules,  opens  directly  into 
the  larger  vessel,  and,  when  traced  upon  the  opposite  side,  leads  to 
the  interior  of  a  lobule,  where,  arising  from  the  capillary  network 
it  never  passes  further  to  a  second  or  third  lobule.  Thus  there 
comes  out  of  every  lobule  always  only  one  vein,  which,  on  this 
account,  may  be  called  vena  intralohularis.  The  vessels,  into  which 
these  veins  immediately  open,  are  called  by  Kiernan  siib-lohulares, 

because  they  run 
along  the  basal  sur- 
faces of  the  lobules. 
They  are  sometimes 
larger  in  the  pig,  up 
to  1"  to  2"'  in  dia- 
meter, and  then  lie  in 
canals,  surrounded  by 
the  basal  surfaces  of  a 
certain  number  of  lo- 
bules ;  sometimes  they 
are  finer  or  very  fine, 


Fig.  151. 


of 


Section  of  a  very  successful  injection  of  the  hepatic  veins 
the  rabhit;  masnitied  35  times.    One,  vena  intralobularis,  is 
visible  in  its  whole  course,  the  otlier  only  at  its  roots.    The  capil- 
laries of  tlie  lobules  coalesce  in  part,  as  also,  at  one  place,  two 
venous  radicles.   From  a  preparation  of  Harting. 


down  to       ,  and  then 


they  run  only  between 
the  lobules.  The  sub- 
lobular veins  unite  to 
form  larger  veins,  which  no  longer  directly  receive  venoi  intralo- 
hulares ;  and,  accordingly,  are  limited  only  in  part,  or  not  all,  by 
the  basal  surfaces  of  the  lobules,  but  by  their  lateral  surfaces  or 
apices  (capsular  surfaces,  Kiernan).  Such  veins,  when  they  are 
small,  still  receive  sublobular  veins  from  groups  of  lobules  directly 
bounding  them;  or,  lastly,  only  larger  veins,  which  present  the 
same  conditions  as  tliey  themselves. 

The  relations  of  the  vena3  intralohulares  are  very  simple.  Everyone 
of  them  penetrates  in  a  straight  direction  into  the  axis  of  a  hepatic 
islet  or  lobule,  splits  up,  somewhere  about  the  middle,  into  two  or 
three  main  branches,  which  frequently  once  more  divide.  The 
capillaries  open  not  only  into  the  extremities  of  these  veins,  but 
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also  into  their  trunklets  during  their  whole  course ;  and,  according 
to  Theile,  capillaries  open  even  into  the  commencements  of  the 
sublobular  veins.  In  all  lobules  or  islets,  whose  capsular  sur- 
faces are  directed  either  towards  the  surface  of  the  liver,  or  towards 
a  large  vascular  trunk,  the  intralobular  vein  extends  nearly  to  their 
ends ;  whilst  in  others  they  remain  more  in  the  middle,  so  that 
they  are  everywhere  distant  about  the  half  of  the  diameter  of  the 
lobules  from  the  next  interlobular  veins  of  the  vense  portse. 

The  hepatic  artery  accompanies,  for  the  most  part,  the  portal 
vein  and  bile-ducts,  lies  together  with  the  latter  within  the  capsule 
of  Glisson,  and  presents,  in  its  main  ramifications,  exactly  the 
same  conditions  as  the  portal  vein.  Its  terminal  distribution  takes 
place  upon  the  vessels  and  bile-ducts,  as  also  on  the  capsule  of 
Glisson,  in  the  fibrous  and  serous  covering  of  the  liver,  and  in  the 
hepatic  lobules ;  and  they  are,  accordingly,  distinguished  into  rami 
vasGulares,  capsulares,  and  lobulares. 

1.  Rami  vascular  es. — During  its  ramification  with  the  portal 
vein,  the  hepatic  artery  gives  oflP,  mostly  at  right  angles,  a  number 
of  small  branches,  which  form  a  plexus  in  the  Glissonian  enve- 
loping tissue,  from  which  there  arise,  in  part,  lobular  branches 
destined  to  the  sides  of  the  portal  canals  which  do  not  adjoin 
the  main  branches  of  the  artery,  and,  in  part,  numerous  twigs  for 
the  lualls  of  the  portal  vein,  the  larger  branches  of  the  artery 
itself  the  hepatic  veins,  the  capsule  of  Glisson,  and  the  bile-ducts. 
This  vascular  expansion  is  especially  well  marked  ou  the  ducts,  so 
that  after  a  successful  injection,  they  appear  almost  as  red  as  the 
arteries.  The  vena  vasculares  arise  from  a  moderately  wide  capil- 
lary network  present  in  all  the  above-mentioned  parts  and  around 
the  glands  of  the  gall-ducts.  As  Ferrein  discovered,  and  as 
Kiernan  and  later  observers  have  confirmed,  these  veins  open  not 
into  the  hepatic  veins,  but  into  small  branches  of  the  portal  vein, 
as  they  go  ofi"  from  larger,  within  the  capsule  of  Glisson,  and  are, 
therefore,  to  be  regarded  as  inner  or  hepatic  roots  of  the  portal 
vein.  For  this  reason,  the  portal  vein  can,  in  part,  be  injected 
from  the  hepatic  artery,  and  vice  versa ;  and  the  vascular  network 
in  question  becomes  filled  from  both  sides  on  injecting  the  hepatic 
artery  and  portal  vein ;  whilst,  on  the  other  hand,  it  is  impossible 
to  inject  it  directly  from  the  hepatic  veins. 

2.  Rami  capsulares. — Excepting  some  branches  running  to  the  fossa 
ductus  venosi,  ligamefitum  teres  and  Suspensorium,  heiovQ  the  entrance 
of  the  artery  into  the  liver,  all  the  arterial  branches  of  the  envelope 
of  the  liver  are  terminal  twigs  of  certain  arteries  distributed  in  the 
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organ,  whicli  make  tlieir  appearance  at  various  places  of  the  surface 
between  the  lobules.  These  vessels,  measuring  in  the  adult  -r^'" 
to  in  diameter  (Theile),  in  the  child  to  f,  divide,  at  their 
places  of  exit,  and  some  even  pre^-iously,  in  a  stellate  manner  into 
from  3  to  5  subordinate  branches,  which  run  in  a  spirally  twisted 
manner,  anastomosing  in  various  ways,  and  then  cover  the  entire 
surface  of  the  liver,  as  far  as  the  large  venous  trunks  {vencE  Jiepa- 
ticce,  vena  porta,  cava  inferior),  the  fossse  and  borders  of  the  organ, 
with  a  beautiful  arterial  network.  These  arteries,  finally,  form  a 
wide-meshed  plexus  of  capillaries,  and  lead,  at  least  in  many  places, 

 whether  everywhere,  I  know  not,  —  into  veins  which  run  back 

alongside  the  arterial  vessels,  penetrate  into  the  substance  of  the 
liver,  and  open  into  branches  of  the  portal  vein.  Accordingly,  there 
would  also  appear  to  exist  vencs  advehentes  capsulares,  or  roots  of 
the  portal  vein,  derived  from  the  source  mentioned.  The  arteries 
and  veins  of  the  envelope  of  the  liver  are  connected  at  their 
termination,  on  the  one  hand,  -with  branches  of  the  vasa  mamma^na 
interna,  plirenica,  cystica,  with  the  supra^renalia,  and  renalia  dextra 
{TJieile);  and,  on  the  other,  with  those  of  the  capsule  of  Glisson, 
vena  cava  and  hepatic  veins,  in  the  fossse  of  the  liver. 

3.  Eami  lobulares. — With  every  interlobular  vein  there  mns  a 
branch  of  the  hepatic  artery,  of  at  most  j-^/'  in  diameter  {Theile), 
which  divides  between  the  lobules  (in  the  pig,  in  the  capsules  of 
the  lobules),  into  fine  anastomosing  ramules,  and  is  dkectly  con- 
nected with  the  peripheral  part  of  the  capillary  network  of  the 
hepatic  lobules  or  islets,  which,  as  above  explained,  is  formed  by 
the  portal  vein.  Accordingly,  arterial  blood,  though  in  small 
quantity,  is  also  concerned  in  the  preparation  of  the  bile,  and,  in 
this  circumstance,  the  hepatic  artery  is  different  from  the  bronchial 
arteries,  whose  blood  is  in  part  conveyed  away  by  special  veins. 

The  lymphatics  of  the  liver  are  very  numerous,  and  are  divisible 
into  superficial  neticorJcs,  situated  beneath  the  serous  covering,  and 
deep  vessels,  which  accompany  the  portal  vein,  and,  in  animals, 
at  least,  the  hepatic  veins  also.  Both  systems  of  vessels  are  con- 
nected with  each  other,  and  lead,  partly  through  the  diaphragm, 
into  the  thoracic  cavity,  partly  to  small  lymphatic  glands  in  the 
transverse  fissure,  and  to  the  visceral  plexuses.  The  lymphatics  of 
the  gall-bladder  also  are  extremely  numerous. 

The  nerves  of  the  liver  are  relatively  very  numerous ;  they  arise 
from  the  sympathetic,  and,  in  part,  from  the  vagus,  and  are  espe- 
cially distributed  with  the  hepatic  artery,  which  they  surround  with 
non-gangiionated  networks.    In  addition  to  numerous  fine  tubes 


SECT.  163.] 


DEYELOrMENT  OF  THE  LIVER. 


355 


and  fibres  of  Remo.h,  they  ahvays  contain  some  thick  fibres. 
They  may  be  traced:  i.  on  the  gall-hladder  and  the  large  hile- 
ducts;  2.  in  the  capsule  of  GHsson,  as  far  as  the  interlobular 
arteries,  where  the  finest  branches,  of  c  cc8'"  to  c-ci2'"  in  dia- 
meter, possess  only  nucleated  fibres ;  3.  to  the  hepatic  veins ;  lastly, 
4.  into  the  coats  of  the  liver. 

In  the  transverse  fissure  of  the  human  liver,  in  the  large  portal  canals,  and 
in  the  gall-bladder  of  the  human  subject,  a  very  peculiar  arrangement  of  the 
vessels  occurs.  Both  arteries  and  veins  form  a  net->j:ryrk,  and  each  branch  of 
the  artery  is  accompanied  with  two  branches  of  the  vein,  one  on  either  side 
of  it  {E.  H.  Weher,  L.  BeaU). 

§  163.  The  development  of  the  liver  may,  according  to  the  most 
recent  obser\-ations  of  BiscliO;ff  and  Reraah,  be  best  understood  in 
the  following  manner: — The  primitive  rudiment  of  the  liver, 
appearing,  as  is  well  known,  very  early  (in  the  chick,  at  the  fifty- 
fifth  and  fifty-eighth  hour;  in  mammalia,  after  the  "Wolffian 
bodies  and  the  allantois;,  consists  of  two  collections  of  cell>,  an 
outer,  which  has  arisen  from  the  fibrous  coat  of  the  intestine,  and  an 
inner  epithelial,  which  forms  at  first  a  simple,  and  then  a  bifuix-ated 
tube.  From  the  epithelial  layer,  which,  like  the  intestine,  at  first 
consists  of  round  cells,  perhaps  in  several  strata,  there  are  formed, 
by  the  multiplication  of  cells,  solid  outgrowths  into  the  outer 
laver,  the  hepatic  cylinders  of  liemah,  which,  in  their  further 
giwth,  ranvf;i  and  anastomose)  whilst,  at  the  same  time,  the  cells 
of  the  outer  layer,  enclosed  in  the  meshes  of  this  network,  like^^ise 
multijjly,  and  become  snccessively  converted  into  vessels,  nerves, 
connective  tissue,  etc.  It  is  difficult,  however,  to  say  in  what 
manner,  out  of  this  peculiar  reticulated  parenchyma  of  cells  and 
vascular  rudiments,  the  subsequent  conditions  are  evolved.  The 
hepatic  cell-networks  and  lobules  of  the  fully  developed  liver  are 
ob\-iously  produced  by  the  further  growth  of  the  primitive  hepatic 
cylinders,  which,  by  the  continued  multiphcation  of  cells,  succes- 
sivelv  put  forth  new  processes,  and  join  agam  and  again  in  a 
reticulate  manner;  so  that  the  hepatic  cell-network  of  the  fully 
developed  \i\tv  appears  thus  to  be  hneally  derived  from  the  pri- 
mitive network.  AVith  respect  to  the  hile-ducts,  they  certamiy 
ori^finate  as  secondary  excavations  of  a  part  of  the  originally  solid 
he  inders  and  of  the  larger  inner  cords,  bordering  upon 

the  |.ii.x..;ive  protrusion  of  the  epithelium  fall  of  which  consist 
of  several  rows  of  cells),  which  excavation  advances  from  the 
common  bile-duct  to  the  branches.    In  this  way  of  wiewing  the 
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matter,  there  is  only  this  difficulty,  viz.,  that,  according  to  Remah, 
all  the  hepatic  cylinders,  even  the  largest,  form  anastomoses; 
whilst,  as  is  well  known,  the  bile-ducts  ramify  without  anas- 
tomosing with  each  other.    Here  we  are  forced  to  assume  that 
the  anastomoses  of  the  originally  largest  hepatic  cylinders  do  not, 
in  the  course  of  development,  keep  pace  with  the  other  parts,  but 
are  absorbed ;  an  assumption  supported  by  many  analogous  phe- 
nomena of  foetal  development.    There  would  appear,  however,  to 
be  an  exception  to  this  in  man  (and  in  some  animals,  L.  Beetle)  ; 
for  it  seems  to  me,  that  the  above-mentioned  anastomoses  of  the 
right  and  left  hepatic  duct  in  the  fossa  hepatis,  as  described  by 
KB.  Weber,  are  satisfactorily  explained  by  the  observations  of 
Bemak,  and  are  nothing  else  than  the  embryonic  anastomoses  of 
the  rudiments  of  these  canals,  which  have  advanced  to  a  certain, 
though  not  considerable  degree  of  development.    According  to 
Bemak,  the  gall-bladder  in  the  chick  is,  at  first,  a  solid  outgrowth 
of  one  of  the  bile-ducts,  which  subsequently  becomes  hollow,  and 
quickly  enlarges.    I  observed  the  folds  of  its  mucous  membrane 
in  a  human  foetus  of  five  months. 

In  the  investigation  of  the  liver  it  is  best  to  commence  with  that  of  the  pig, 
in  which  animal  the  distinct  separation  of  the  lobules  very  much  facilitates 
the  understanding  of  the  relations  of  the  secreting  parenchyma  to  the  vessels 
and  ducts.    The  hepatic  cells  can  be  isolated  in  ah  animals  with  the  greatest 
readiness,  either  singly,  or  in  rows,  or  as  fi-agments  of  the  network ;  in  order, 
on  the  other  hand,  to  understand  correctly  their  general  arrangement,  there 
is  no  better  plan  than  to  make  tine  sections  of  a  fresh  liver  with  the  double 
knife,  which  are  far  superior  to  those  made  in  the  ordinary  way  with  a  razor, 
even  when  the  liver  has  been  previously  hardened  in  alcohol,  pyroligneous 
acid,  chromic  acid,  etc.    We  do  not,  however,  mean  to  say  that  the  hepatic 
cell-networks  cannot  be  seen  by  the  latter  mode  of  preparation,  for  they  can 
be  perceived  even  in  opaque  parts  of  the  liver  when  viewed  by  reflected 
light,  only  that  such  method  does  not  afford  a  perfect  view  of  the  structure. 
The  finest  bile-ducts  are  not  easy  to  find,  still,  in  sections  which  pass  through 
several  lobules,  fragments  of  them,  which  are  readily  recognisable  by  their 
small  polygonal  cells,  may  be  perceived,  on  careful  examination,  at  the  border 
of  the  lobules,  almost  in  every  preparation  ;  and  perhaps,  after  long-continued 
investigation,  such  a  fragment  may  be  seen  in  connection  with  the  hepatic 
cell-network,  Ihough  I  have  not,  hitherto,  been  so  successful  as  to  observe 
this.    The  larger  bile-ducts  present  no  difficulties.    Their  glands  are  readily 
seen,  partly  with  the  naked  eye,  partly  with  a  lens  after  the  addition  of  caustic 
soda  ;  and  the  Weberian  anastomoses  of  the  two  hepatic  ducts  in  the  fossa 
transversa,  may  be  discovered  in  good  injections.  The  vasa  aberrantia,  in  the 
lig.  triang.  sinistrmn,  and  in  other  places,  are  perceptible  without  injection, 
after  the  addition  of  acetic  acid  or  caustic  soda.    The  nerves  and  lymphatics 
of  the  liver  are  also,  up  to  a  certain  point,  readily  seen  in  man.    The  blood- 
vessels require  good  injections,  and  for  this  I  recommend  the  livers  of  chil- 
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dren,  rather  than  of  adults.  In  children,  particularly,  the  ramifications  of  the 
hepatic  artery  copiously  distributed  in  the  serous  covering,  on  the  vessels 
and  elsewhere,  have  a  fine  appearance.  The  capillary  network  of  the  lobules 
can  be  readily  injected  with  fine  size,  and  a  series  of  excellent  injections,  by 
various  masters  of  the  art,  is  to  be  met  with  everywhere. 

Liierature.-F.  Kiernan,  in  Fhil.  Transact,  1833.    E.  H.  Weber,  Pro- 
grammata  CoUecta  Fasc,  il,  Lips.,  1851  ;  also  in  Müller's  Archiv.,  1843, 
p  318  and  in  the  Berichte  der  K.  Sachs.  Ges.  d.  Wissensch,  zu  Leipzig,  1850. 
p  1 5 1 .   A.  Krukenberg,  in  Müller's  Archiv.,  1843.    J  •  Müller,  m  his  great 
Work  on  the  Glands,  in  his  Physiology  and  in  his  Archives,  1843,  P-  338- 
Theile,  art.  Leber,  in  K.  Wagner's  Handw.  der  Phys.,  11.,  p.  308,  1844-  L. 
J  Backer,  De  Structurd  Subtiliori  Hepatis  Sani  et  Morbosi.    Diss.  Inaug. 
Trajecti  ad  Rhenwn,  1845.    Natalis  Güillot,  Ann.  d.  Sc.  Nat.,  1848,  p-  i^g- 
A.  Retzius,  in  Müll.  Arch.,  1849,  P-  154-    C.  Wedl,  in  Sitzungsber.  d.  Wiener 
Akad.,  1850,  Dec,  p.  480,  c.  Tab.    N.  Weja,  in  Müll.  Arch.,  1851,  p.  79- 
Lbr^boullet,  Sur  la  Structure  Intime  du  Foie, -Pavis,  1853  ;  also  m  Compt. 
Rend  1852,  Jan.    A.Cramer,  in  Tijdschr.  d.  Nederl.  Maatsch.,  1853,  Febr. 
Gerlach,  in  Ecker,  Icones,  Tab.  vii.   Reichert,  in  the  Jahrsbericht  of  185  5, 
p  77.    Remak,  Unters,  z.  Entio.,  p.  118.    Rainey,  in  the  Micros.  Journ.,  1., 
p  231    KÖLLIKER,  in  Wurtzb.  Verh.,  vii.  L.  S.  Beale,  in  Phil.  Trans.,  1856,  and 
On  Some  Points  in  the  Anatomy  of  the  Liver,  London,  1856,  and  Archives  of 
Medicine,  Lond.,  1857,  i.,  p.  ^1-34-    ViRCHOW,  in  his  Archives,  xi   p.  574- 
Bergmann,  in  Gött.  Anz.,  1857,  No.  loi,  102.    Kühn,  Ueber  die  Bildung  der 
Leber,  in  Heidelb.  Verh.,  ii.,  p.  39-    JE.  v.  Bibra,  Chemische  Fragmente  über 
Leber  und  Galle,  Braunschweig,  1 849.    The  intimate  structure  of  the  Liver  m 
the  lower  animals  is  treated  of  by  H.  Karsten,  in  Nova  Acta  Acad.  Cur.,  vol. 
xxi.,  I.,  p. 295.  T.  F.  G.  Schlemm,  De  Hepate  et  Bile  Crustaceorum  et  Molluscorum 
quorundam.  Diss.  BeroL,  1844.    Williams,  in  Guy's  Hosp.  Rep.,  1846.  H. 
Meckel,  in  Müller's  Arch.,  1846,  p.  i.   Fr.  Will,  Ueber  die  Absonderung  der 
Galle,  Erlangen,  1849.   H.  Jones,  in  Phü.  Transact.,  1846,  1849,  and  1853. 


VI.  Of  THE  Pancreas. 

§  164.  The  pancreas  is  a  compound  racemose  gland,  which 
agrees  so  very  closely  with  the  salivary  glands,  that  a  short  de- 
scription of  its  characters  will  suffice.  As  in  all  such  glands,  we 
may  very  plainly  distinguish  larger,  smaller,  and  still  smaller 
lobules.  The  ultimate  lobules  are  composed  of  microscopical 
glandular  vesicles  of  moderate  size  (0-02'"  to  0-04'"),  and  mostly 
roundish  in  form.  Here,  as  elsewhere,  these  vesicles  have  a  mm- 
hrana  propria  and  a  pavement  epithelium.  The  cells  of  this  epi- 
thelium contain  a  substance  precipitable  by  acetic  acid,  and  again 
soluble  in  excess  of  the  re-agent;  this  is  probably  identical  with 
the  protein  substance  of  the  pancreatic  juice.  The  cells  are  fre- 
quently remarkable  for  a  multitude  of  fat  granules,  so  that  the 
glandular  vesicles  appear  quite  dark,  and  as  if  completely  filled 
with  cells.    The  excretory  ducts  are,  as  usual,  connected  with  the 
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gland- vesicles,  join  together  into  larger  canals,  and  ultimately 
form,  by  their  union,  the  ductus  Wirsungianus.  They  are  whitish 
and  rather  thin-walled,  they  are  composed  solely  of  connective 
tissue  with  elastic  fibrils,  and  they  all  possess  an  epithelium  of 
small  cylindrical  cells,  which  scarcely  exceed  o'oob'"  to  o*oo8"'  in 
length,  and  0*002'"  in  breadth.  In  the  walls  of  the  ductus  Wir- 
sungianus^ and  its  larger  branches,  are  placed  numerous  small 
racemose  glandules,  0'o6'"  to  o*o8'"  in  diameter,  with  vesicles  of 
CO  16"'  to  0'02"',  whose  epithelial  cells  contain  but  little  fat :  these 
are  nothing  else  than  mucous  glands,  analogous  to  the  glands  of 
the  bile-ducts.  According  to  Verneuil,  the  canal  from  the  head  of 
the  pancreas  not  only  opens  into  the  main  duct,  but  has  also  a 
separate  narrow  aperture  into  the  intestine ;  in  its  course  this 
D.  pancr.  azygos  ( Verneuil)  passes  indifferently  over  or  under  the 
larger  duct.    See  Beau  et  Bonamy,  iv.,  pi.  34. 

The  pancreas  possesses  the  ordinary  connective  tissue  of  glands, 
with  a  variable  number  of  fat-cells,  and  in  this  the  vessels  and 
nerves  of  the  gland  branch  out.  The  former  present  exactly  the 
same  conditions  as  in  the  parotid,  only  that  the  lymphatics  appear 
to  be  more  numerous ;  and  with  regard  to  the  latter,  it  appears 
that  they  accompany  the  vessels  only :  they  spring  from  the  sym- 
pathetic, and  contain  fine  fibres  of  medium  thickness.  The  secre- 
tion of  the  pancreas  is,  normally,  a  clear  fluid,  any  solid  particles 
mixed  in  it  not  being  an  essential  part,  such  as  detached  epithelium 
of  the  gland-vesicles  and  ducts. 

The  development  of  the  pancreas  commences  with  an  outgrowth 
from  the  posterior  wall  of  the  duodenum,  and  advances  onwards, 
as  in  the  salivary  glands,  only  that  the  gland-rudiment  forms,  at 
first,  a  more  compact  mass,  and  cannot,  therefore,  be  so  well 
observed  in  its  individual  parts. 

The  investigation  of  the  pancreas  presents  no  difficulties,  except  that  the 
fat  of  the  epithelial  cells  of  the  gland-vesicles  disturbs  their  observation  in 
man;  and  the  pancreas  of  the  lower  mammalia  (rabbit,  or  mouse),  where 
there  is  much  less  fat,  should,  therefore,  also  be  studied.  The  glandules  upon 
the  ducts  are  best  seen  after  the  addition  of  acetic  acid. 

Literature. — A.  Verneuil,  Mem.  sur  VAnat.  de  Pancreas^  in  Oaz.  Med.,  185 1, 
Nos.  25  and  26.   Bernard,  Mem.  sur  le  Pancreas,  Paris,  1856. 

VII.  Of  the  Spleen. 

§  165.  The  spleen  is  one  of  the  so-called  vascular  glands,  and 
stands  in  a  certain  relation  to  the  renovation  of  the  blood,  and 
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probably,  also,  to  the  secretion  of  the  bile.  With  reference  to  its 
strncture'  it  consists  of  a  fihrous  and  serous  envelope,  and  of  a  soft 
varenchyma,  which  is  principally  composed  of  reticulated  firm 
trabecul^e,  the  splenic  traheculce,  and  of  a  red  substance  enclosed 
by  them,  the  splenic  pulp.  In  the  latter,  again,  there  are  con- 
tained numerous  peculiar  whitish  bodies,  the  splenic  corpuscles ; 
and  through  the  whole  interior  there  are  distributed  numerous 


vessels  and  a  certain  number  of  ne? 


ces. 


§  166.  Envelopes  and  Trabecular  Tissue.— The  peritoneal  en- 
velope covers  the  entire  surface  of  the  spleen,  with  the  exception 
of  the  hilus,  whence  it  is  continued  to  the  fundus  of  the  stomach, 
over  the  splenic  vessels  and  nerves,  and  has  the  name  of  the 
gastro-splenic  ligament.  At  the  upper  end,  also,  the  peritoneum 
is  reflected  as  the  lig.  phrenico-lienale,  or  suspensory  ligament. 
In  man,  but  not  in  ruminant  animals,  the  serous  coat  is  so  firmly 
connected  with  the  fibrous  envelope,  that  it  can  only  be  pulled  ofi" 
from  the  organ  in  shreds. 

The  fibrous  envelope  [tunica  fibrosa,  albuginea,  sen  propria) 
forms  a  complete  investment  to  the  spleen.  Although  very  firm, 
this  coat  is  rather  thin  and  transparent;  at  the  hilus,  it  is 
continued  into  the  interior,  and  conducts  the  splenic  vessels  as  far 
as  their  finer  ramifications :  here  it  forms  special  sheaths,  vagina 
vasorum,  similar  to  the  capsule  of  Glisson  in  the  liver.  In  man, 
this  exterior  extension  consists  of  ordinary  connective  tissue ;  but  m 
certain  animals,  smooth  muscular  fibres,  in  considerable  number, 
have  been  demonstrated  in  my  researches.  I  have  seen  these 
fibres  in  the  dog,  pig,  ass,  and  cat,  but  not  in  the  rabbit,  horse,  ox, 
hedgehog,  porpoise,  or  bat. 

The  trabeculse  of  the  spleen  are  white  glistening  fibres,  flattened 
or  cylindrical,  of  an  ave-  Fig- 1'^2. 

rage  diameter  of  -^q'"  to  ai^^^^ßSSSfa^^ 

which  arise  in  great  ^g^tBs^^SBBBf^^k.'- 
numbers  from  the  inner  ^^■BBBWM^ 
surface   of   the   fibrous  m^^B^Sgf^j^^^^l^^^m 
tunic,  and  also,  though 

more  sparingly,  from  the  n||H|^HHBaH 
outer    surface    of    the  ^^Hi[iQH|^H|HH||^ 

^eaths     of  Transverse  section  through  the  middle  of  the  spleen  of  the 

These  become  Unitea  Wltn  ^^ashed  out  in  order  to  show  the  traheculje  and  their  ar- 
Similar  trabecule  in  the   -ngement.    Natural  size. 

interior  of  the  spleen,  and  form  a  network  which  extends  through 
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tlie  Trhole  organ.  The  spaces  euciosed  iu  the  meshes  of  this 
network  are  all  connected  with  each  other,  and  contain  the  red 
splenic  substance  and  the  corpuscles.  Although  no  one  is  exactly 
the  same  as  another,  these  spaces  do  possess  a  certain  resemblance 
to  each  other  in  fomi  and  size.  The  older  anatomists  regarded 
them  as  regular  cavities  lined  by  a  membrane,  analogous  to  the 
venous  areolae  of  the  corpora  cavernosa  penis.  It  is  true  that  the 
interstices  of  the  splenic  structure  closely  resemble  these  areolce  in 
the  arrangement  of  the  trabecules  round  them,  but  it  is  certain 
that  they  have  no  limitary  membrane  of  any  kind;  this  is  best 
proved  on  a  section  of  the  spleen  after  the  pulp  has  been  removed 
by  washing.  Such  a  preparation  also  fui'nishes  us  with  the  best 
means  of  studying  the  relations  and  connection  of  the  trabeculse. 
They  are  seen  to  be  altogether  irregular  in  theii'  mode  of  con- 
nection with  each  other,  and  present  no  similarity  to  the  ramifi- 
cations of  vessels.  They  are  very  variable  in  thickness.  At  the 
spot  where  four  or  five,  or  more  of  these  trabeculse  become  united, 
we  usually  meet  with  a  flattened  cylindrical  nodule,  resembling 
a  ganglion  on  a  nerve;  these  are  found  more  frequently  towards 
the  outer  surface  of  the  organ  than  in  the  inner  parts  and  at  the 
hilus,  where  the  large  vessels  furnish  a  sufficient  support  to  the 
parenchyma,  and  such  a  provision  for  the  firmer  union  of  the 
trabeculse  is,  therefore,  less  required. 

The  structure  of  the  trabeculse  of  the  human  spleen  corresponds 
entirely  with  that  of  the  fibrous  envelope,  and  both  consist  of  con- 
nective tissue,  running  in  a  longitudinal  direction,  with  fine  elastic 
fibres.  In  animals,  on  the  other  hand,  smooth  muscular  fibres, 
having  a  longitudinal  dii-ection,  are  met  with  in  the  trabeculae. 
These  were  first  exhibited  by  myself  in  1846.  In  some  animals 
(pig,  dog,  cat),  they  are  found  in  all  the  trabeculse ;  in  others,  as 
the  ox,  they  exist  only  in  the  smaller  ones.  Hlaseh  and  Crisp 
consider  them  only  the  muscular  fibres  in  the  walls  of  the  vessels ; 
but  this  is  positively  an  error.  Particulars  of  their  distribution 
^vill  be  found  in  my  Micros.  Anat.,  ii.  p.  256. 

§  167.  Malpiahian  Corpuscles. — The  splenic  corpuscles,  Mal- 
pighian  corpuscles,  or  splenic  vesicles,  are  white  roundish  cor- 
puscles, which  are  imbedded  in  the  red  splenic  substance,  and  are 
connected  witt  the  smallest  arteries.  They  are  invariably  recog- 
nised easily  in  the  fresh  bodies  of  healthy  subjects,  but  rarely,  or 
not  all,  in  such  as  have  died  from  disease,  or  after  long  abstinence. 
This  is  the  explanation  of  the  circumstance  that  Von  Hessling 
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found  the  corpuscle; 
him^  and  that  they 
■were  present  with 
less  and  less  fre- 
quency as  the  sub- 
ject was  older.  In 
children  under  two 


116  times  only  in  960  bodies  examined  by 

Fig.  153. 


years. 


thev  were 


A  part  of  a  small  arterv,  with  a  brancli  studded  with  Malpighian 
corpuscles.    From  the  dog.   Magnified  10  times. 


found  in  every  se- 
cond instance;  from 
two  to  ten  years^  in 
every  third  case 
only.  Children  dy- 
ing between  ten  and 
fourteen^  presented 
the  corpuscles  but 

once     in     sixteen       -  i  i  ir.  r 

times ;  while  persons  above  fourteen  showed  them  only  halt  as  otten 
as  this.  In  the  bodies  of  such,  also,  as  have  died  suddenly,  from 
accident  or  suicide,  and  in  executed  criminals  (of  which  latter  I 
have  examined  four  cases),  they  are,  perhaps,  never  absent  ;  and, 
in  such  cases,  they  are  just  as  numerous  and  distinct  as  m  the 
lower  mammalia. 

In  man  and  in  animals,  the  ske  of  the  splenic  corpuscles  is 
subject  to  certain  variations,  and  has,  hitherto,  been  mostly  over- 
estimated, because  they  had  not  been  properly  isolated.  They 
measure  from  ^-V"  to  the  average  being  A'".  It  is  very 
possible  that  thefr  size  varies  according  to  the  condition  of  the 
chylopoietic  organs,  the  corpuscles  being  larger  after  the  absorp- 
tion of  nourishment  than  at  other  times.  In  animals,  however, 
I  can  affirm  with  EcJcer,  that  they  are  frequently  strongly  marked 
dming  fasting;  and  no  data  exist  to  determine  this  point  m  man. 

The  MalpigHan  corpuscles  are  imbedded  in  the  red  splenic  sub- 
stance, and  can  scarcely  be  completely  separated  from  it.  They 
are  alwavs  attached  to  an  arterial  twig,  and  are  either  sessüe  on 
the  side  or  at  the  bifm-cation  of  a  vessel,  or  attached  by  a  stalk, 
which  is  itself  a  small  artery.  Their  number  is  very  considerable, 
and  arterial  twigs,  of  0-02'"  to  0-04'"  in  diameter,  support  five  to 
ten  corpuscles.  These  present,  when  freed  from  the  pulp,  a  beau- 
tifully clustered  appearance  (fig.  153)-  1^  is  estimated  that  every 
cubic  line,  or  line  and  a  half,  contains  one  of  these  corpuscles ; 
and  this  appears  to  me  to  be  rather  below  than  above  the  truth. 
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§  1 68.  The  Red  Splenic  Substance,  Splenic  Pulp,  or  Parenchyma 
(suhstajitia  rubra,  pulposa,  parenchyma  lienis)  is  a  soft  reddish 
substance,  which  fills  up  all  the  interspaces  between  the  larger 
trabeculse  and  vessels,  and,  on  account  of  its  softness,  may  be 
readily  removed  from  a  section  of  the  spleen.  It  consists  of  three 
elements,  viz.,  of  the  most  delicate  blood-vessels  of  the  spleen,  mi- 
croscopical fibres  and  trabeculce,  and  peculiar  par eyichy ma-cells. 
"With  these  elements  in  man  and  animals,  blood,  in  various  stages 
of  metamorphosis,  is  always  found  conjoined,  so  that  it  may  almost 
be  regarded  as  a  normal  constituent  of  the  pulp.  According  to  the 
quantity  of  this  blood,  and  the  degree  of  fulness  of  the  blood- 
vessels, the  pulp  appears  of  a  clearer  or  of  a  darker  blood-red 
colour,  although  it  is  to  be  observed  that  the  pulp  also  possesses 
red  colouring  matter  of  its  own. 

The  fibres  of  the  pulp  are  of  two  kinds.  First,  microscopical 
trabecules,  quite  analogous  to  and  of  the  same  structure  as  the 
larger  ones  which  are  seen  by  the  naked  eye,  except  that  in  many 
mammalia  they  contain  more  smooth  muscular  fibres,  or  are  even 
composed  of  nothing  else.  Their  diameter  generally  varies  be- 
tween 0*005'''  to  o-oi'",  and  their  number  and  quantity  are  not 
uniform  in  different  parts  of  the  organ,  nor  in  different  animals.  In 
maa,  I  find  them  more  scanty  and  broader  than  in  the  lower  mam- 
malia, and  in  structure  completely  resembling  the  large  trabecules. 
The  other  fibres  occurring  in  the  pulp  are  obviously  terminations 
of  the  sheaths  of  the  vessels.  They  are  met  with  in  very  large 
numbers,  and  especially  appear  in  the  form  of  delicate  membranes, 
indistinctly  fibrous  in  texture,  without  elastic  tissue ;  they  appear 
to  unite  the  capillaries,  and  are,  perhaps,  also  connected  with  the 
finest  trabeculse. 

The  cells  of  the  splenic  pulp,  or  parenchyma-  cells  of  the  spleen, 
are,  for  the  most  part,  round  cells  with  single  nuclei,  0-003'"  to 
0-005'"  diameter,  and  so  similar  to  those  of  the  Malpighian 
corpuscle,  that  a  detailed  description  is  not  needed.  Free  nuclei 
are  likewise  found  intermingled  with  them,  in  larger  numbers  than 
in  the  Malpighian  corpuscles ;  here,  again,  a  more  careful  examin- 
ation shows  that  the  free  nuclei  occur  accidentally  only,  perfect 
cells  alone  being  the  essential  constituents  of  the  pulp.  Besides 
the  foregoing,  some  other  elements  are  noticed  first,  clear  round 
homogeneous  bodies,  somewhat  larger  than  blood -corpuscles,  which 
appear  to  be  smooth  nuclei  enclosed  tightly  by  a  thin  envelope ; 
secondly,  large  cells,  measuring  up  to  o-oi'"  in  diameter,  quite 
pale,  with  one  or  two  nuclei ;  and,  thirdly,  there  are  found  cells 
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which  contain  dark,  fat-like  granules,  without  colour  and  these  I 
have  named  the  'colourless  granular  cells ^  of  the  spleen.  These 
two  last  elements  are  found  also,  but  in  smaller  numbers,  m  the 
MalpiÄan  corpuscles.    The  various  cells  of  the  parenchyma  are 
united  by  a  small  quantity  of  reddish-yellow  fluid    and  their 
quantity  is  so  considerable  as  to  form,  probably,  one-half  of  the 
entire  red  substance  of  the  spleen.    They  are  not  aggregated  mto 
lar^e  collections,  but  form  small  irregular  heaps  of  different  sizes 
occupying  the  interspaces  between  the  trabeculse,  the  vessels,  and 
the  Malpighian  corpuscles.    The  arrangement  may  be  most  cor- 
rectly understood,  if  we  consider  each  segment  of  the  red  substance 
enclosed  between  the  larger  trabecule  as  representmg  a  spleen  m 
miniature.    In  fact,  the  microscopical  trabeculse,  the  terminations 
of  the  sheaths  of  the  vessels,  and  the  finest  vessels,  present  the 
same  arrangement  as  the  corresponding  larger  structures  visible  to 
the  naked  eye ;  and  the  microscopical  collections  of  pulp-cells 
mav  in  the  same  manner,  be  said  to  correspond  with  those  larger 
segments  of  the  parenchyma,  which,  to  the  unaided  sight,  appear 
homo-eneous.    Nowhere  is  there  any  special  investment  found  to 
surround  the  parenchyma-cells,  but  they  lie  directly  in  contact 
with  the  sheaths  of  the  vessels,  the  trabeculie,  and  the  envelopes 
of  the  Malpighian  corpuscles. 

The  red  pulp  of  man  and  of  animals  presents,  at  different  times, 
a  different  colour,  or,  rather,  a  different  behaviour  of  the  contamed 
blood-corpuscles,  for  on  this  condition  especially  depend  the  va- 
riations in  colour.    Tn  one  kind  of  animal  it  will  present  at  one 
time  a  paler  and  greyish-red  colour,  while  at  another  time  it 
will  be  found  brown  or  blackish-red.    In  the  latter  case,  there  are 
found  a  number  of  altered  blood-corpuscles,  of  which  we  shall 
further  have  to  speak;  in  the  former  case,  on  the  other  hand,  it 
can  be  readily  demonstrated,  by  microscopical  examination,  that 
the  red  colour  is  derived  from  unaltered  blood-discs,  which  can 
also  be  readily  pressed  out  of  the  tissue  of  the  spleen,  and,  on  the 
addition  of  water,  soon  give  off  all  their  colouring  matter.  In 
other  animals,  however,  the  spleen  has  always  a  pretty  steady 
colour,  which  is  generally  dark ;  but  in  these,  also,  the  blood-cor- 
puscles are  sometimes  found  unaltered,  at  other  times,  many  of 
them  are  seen  to  be  undergoing  metamorphoses  of  various  kinds. 
Now  these  metamorphoses  are  very  striking  and  peculiar,  and,  m 
all  animals,  essentially  depend  upon  the  following  changes :  i.  The 
blood-globules,  becoming  smaller  and  darker,  collect  together  in 
roundish  heaps,  the  elliptical  blood-corpuscles  of  the  lower  verte- 


366 


CHANGES  OF  BLOOD  IN  THE  SPLEEN.      [sECT.  1 68. 


brata  becoming  roundish.  These  heaps  either  remain  in  this  con- 
dition^ or  go  on  to  form  cells.  These  cells  result  from  the  adhesion 
of  the  corpuscles  by  a  sort  of  plasma,  followed  by  the  development 
of  a  nucleus  in  the  interior  of  the  heap,  and  of  an  outer  envelope 
around  it.  The  cells  thus  produced  are  spherical^  from  o"oo5'"  to 
0-015'''  in  diameter,  lüith  one  to  tiventy  Mood-corpuscles  in  their 
interior.  2.  The  next  step  is^  that  these  collections  and  cells 
metamorphose  themselves  into  pigment  collections  and  pigment- 
granule  cells.  The  blood-corpuscles  become  smaller  and  smaller, 
assuming  a  golden  yellow,  brown,  or  black  colour,  and  become 
pigment  granules  either  directly  or  after  disintegration.  The 
pigment-granule  cells  then  undergo  further  change,  the  contained 
granules  becoming  paler  and  paler,  until  all  colour  is  lost.  In 
many  cases,  the  blood-corpuscles  do  not  form  collections  and  cells, 
although  they  go  through  the  same  change  of  colour  and  the  same 
disintegration  as  the  others. 

The  red  pulp  of  new-born  and  young  mammalians  contains,  according  to  my 
observations,  some  interesting  elements,  viz.,  large  cells  with  many  nuclei, 
and  small  yellowish  nucleated  cells.  The  latter  are  undoubtedly  nothing  else 
than  blood-corpuscles  in  process  of  formation,  whilst  the  larger  cells  are  also 
found  in  the  blood  of  the  splenic  vein  and  of  the  vessels  of  the  liver. 

The  changes  of  the  blood  in  the  spleen,  first  indicated  by  Ecker  and  myself, 
have  since  been  the  subject  of  repeated  examination.  Some  observers,  as 
Gerlach  and  Schaffner,  regard  the  process  as  a  redintegration  of  the  blood- 
corpuscles.  Others  have  even  denied  the  existence  of  blood-containing  cells, 
and  contend  that  red  blood-cells  disappear  in  the  sx^leen  and  become  changed 
into  pigment  granules.  My  statements  are  confirmed  in  almost  every  par- 
ticular by  the  later  researches  of  Virchoiv,  who  considers,  however,  that  the 
blood-corixiscles  enter  into  the  cells  that  contain  them,  subsequently  to  the 
formation  of  the  outer  cell. 

It  is  an  important  question,  whether  the  alterations  of  the  blood-corpuscles 
in  the  spleen  are  to  be  regarded  as  physiological  or  as  pathological  processes. 
On  the  one  hand,  weighty  reasons  may  be  urged  for  considering  them  as 
normal ;  reasons  derived  from  their  constancy  in  the  animal  series,  from  the 
occurrence  of  similar  cells  containing  blood-discs  in  the  general  circulation 
of  amphibia,  and  from  the  circumstance  that,  in  the  higher  vertebrata,  these 
changes  are  observed  with  the  same  constancy  in  no  organ  besides  the  spleen. 
On  the  other  hand,  there  are  many  and  still  stronger  reasons  for  believing 
that  these  changes  in  the  blood- corpuscles  are  abnormal  only.  In  the  first 
place,  my  investigations  among  fishes  show,  that  these  metamorphoses  are 
not  confined  to  the  spleen,  but  are  met  with  in  the  hver  and  in  the  peri- 
toneum ;  in  the  fish's  spleen  the  changes  occur  within  the  vesicles  (described 
in  the  preceding  section),  which  look  like  the  false  aneurisms  of  pathologists 
(see  my  Micros.  Anal,  ii.,  2,  and  Todd's  Cyclop,  of  Aiiat.,  art.  Spleen,  fig.  533 ; 
also  Ecker,  Icon.  Phys.,  plate  vi.,  figs.  15,  16).  Then,  again,  certain  animals, 
as  the  cat  and  sheep,  rarely  exhibit  these  changes  of  the  blood-corpuscles  in 
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the  spleen,  and  there  appears  no  constant  relation  between  them  and  the 
state  of  digestion.  In  the  third  place,  we  must  remember  that  very  smnlar 
phenomena  are  observed  with  some  constancy  in  other  places,  where  they  are 
never  supposed  to  be  physiological,  as  in  little  effusions  of  blood  m  the 
lungs,  bronchial  glands  and  thyroid  of  man,  and  in  the  mesenteric  glands  of 
the  pig  and  rabbit.  ^  ^     i      ^     .  i. 

From  these  considerations,  I  was  forced  (as  early  as  1854)  to  abandon  the 
view,  that  the  changes  of  the  blood-discs  in  the  splenic  pulp  belonged  to  the 
series  of  physiological  appearances;  I  conceived  that  such  changes,  to  be 
normal,  must  occur  in  the  interior  of  vessels,  and  in  this  opinion  I  find 
myself  supported  by  the  great  majority  of  physiologists.  I  am  still  of  opinion 
that  a  solution  of  blood-cells  actually  does  go  on  within  the  spleen,  and  m 
this  organ  much  more  than  in  the  liver.  But  I  have  conclusively  given  up 
the  grounds  on  which  I  originally  upheld  the  physiological  nature  of  this 
change,  for  I  can  no  longer  regard  the  occurrence  of  decomposed  blood-cells 
in  the  pulp  as  establishing  such  a  view. 


§  169.  Vessels  and  Nerves.— At  their  entrance  into  tlie  spleen, 
tlie  splenic  artery  is  relatively  very  large,  and,  witli  the  still  larger 
vein,  is  immediately  surrounded  by  the  continuations  of  the  fibrous 
coat'  the  sheaths  of  the  vessels.    In  man,  these  sheaths  completely 
invest  the  vessels  and  nerves,  somewhat  after  the  manner  of  the 
capsule  of  Glisson.    The  arteries  and  nerves  may  be  very  readily 
isolated,  the  veins  are  more  firmly  connected  with  this  sheath  near 
the  hilus.    Around  the  main  branches  of  the  vessels  the  thickness 
of  the  sheaths  is  the  same  as  that  of  their  fibrous  coats ;  but  the  finer 
branches  of  the  vessels  have  thinner  and  thinner  envelopes,  until, 
on  the  most  delicate  vessels,  the  sheaths  become  very  fine  mem- 
branes, and  lose  themselves  in  the  pulp.    The  thickness  of  a  sheath 
is  always  less  than  the  wall  of  the  vein  to  which  it  belongs.  As 
has  been  above  mentioned,  a  number  of  trabeculse  become  attached 
to  the  sheaths  of  the  vessels,  and  the  trabecule,  sheaths,  and 
vessels  together  take  part  in  the  formation  of  the  dense  network 
in  the  interior  of  the  organ.— In  mammalian  animals,  as  m  the 
horse,  ass,  ox,  pig,  sheep,  etc.,  the  sheaths  present  a  difFerent  ar- 
rangement, being  absent  altogether  from  the  smaller  veins,  and 
being  met  with,  on  the  larger  ones,  only  upon  the  side  nearest  to 
the  arteries  and  nerves.    It  is  only  the  two  main  venous  trunks  at 
the  hilus  which  possess  complete  sheaths,  whilst,  on  the  arteries,  a 
perfect  investment  may  be  traced,  even  to  their  finest  ramifications. 
The  structure  of  the  sheaths  is  quite  that  of  the  trabeculse,  except 
that  where  the  latter  contain  muscular  fibres,  such  fibres  are  not 
always  found  in  the  former.    Thus  they  are  absent  in  the  sheaths 
of  the  ox-spleen,  though  perfectly  distinct  in  those  of  the  pig. 
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The  main  trunks  of  the  splenic  artery,  after  its  entrance  into 
the  spleen,  immediately  divide  into  a  large  number  of  branches 
in  an  arborescent  manner,  the  larger  branches  proceeding  to  the 
anterior,  the  smaller  to  the  posterior  border  of  the  organ.  There 
is  no  anastomosis  between  the  main  branches  of  this  artery.  When 
they  have  become  attenuated  to  to  in  diameter,  they  separate 
from  the  veins,  with  which,  hitherto,  they  have  been  covered  in  the 
sheaths,  and  become  connected  by  fine  twigs  with  the  Malpighian 
corpuscles  in  the  manner  already  described.  These  small  arteries  are 
frequently  attached  firmly  to  the  surface  of  the  corpuscles,  but  I 
have  never  seen  them  pass  through  them,  as  J.  Müller  formerly 
supposed.  They  enter  the  red  splenic  substance,  and  immediately 
break  up  into  beautiful  tufts  of  very  small  arteries,  the  so-called 
penicilli  (fig.  155),  which  then  partly  enter  into  the  Malpighian 

Pig.  155. 


An  artery  with  its  tufted  termination,  from  the  spleen  of  the  pig ;  magnified  25  times. 
After  an  injection  by  G erlach. 

corpuscles  (see  above,  §  167),  partly  break  up  independently  into 
true  capillaries,  0-003"'  0'005"'  in  diameter.  These  capillaries 
join  in  a  widish  meshwork,  which  surrounds  the  Malpighian  cor- 
puscles, and  extends  throughout  the  entire  parenchyma. 

With  regard  to  the  veins  of  the  spleen,  I  am  anxious,  in  the 
first  place,  to  deny  the  existence  of  venous  spaces  {sinus  venosi), 
described  by  both  older  and  more  modern  anatomists,  in  the  human 
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spleen.    The  larger  veins,  so  long  as  they  accompany  the  arteries, 
offer  nothing  for  remark  beyond  their  width.    They  all  possess  a 
membrane,  which  is  readily  demonstrable,  at  least  upon  the  side 
nearest  the  arteries,  and  this  gradually  becomes  attenuated,  to- 
gether with  the  sheaths  of  the  vessels.    Openings  of  small  veins, 
the  so-called  stigmata  Malpigliii,  are  frequent  in  the  sides  of  the 
lesser  splenic  veins,  but  are  found  in  smaller  number  on  the  main 
branches.    As  they  pass  onward,  after  leaving  the  arteries,  the 
veins  present  a  somewhat  different  arrangement.    Firstly,  a  large 
number  of  small  veins  pass  ofP  from  them  at  all  sides,  and  mostly 
at  right  angles,  so  that  their  walls  in  some  places  appear  perforated, 
almost  like  a  sieve.    Secondly,  their  membranes  completely  coalesce 
with  the  sheaths,  so  that,  at  last,  the  two  only  constitute  a  very  de- 
licate wall ;  this  wall,  however,  can  be  demonstrated  with  ease  in  the 
finest  vessels  which  are  capable  of  isolation.    I  do  not  find  enlarge- 
ments in  any  part  of  these  veins ;  and,  it  is  only  to  be  observed, 
that  they  become  attenuated  more  slowly  than  the  arteries.  As 
for  their  connection  with  the  capillaries,  it  takes  place,  in  a  part  of 
the  vessels  at  least,  just  as  in  other  organs,  and  is  easily  seen  by 
injection  of  a  recent  human  spleen,  especially  in  that  of  a  child. 
In  rarer  cases,  this  mode  of  connection  may  also  be  observed  by  the 
microscope,  for  I  have  sometimes  found  small  veins,  in  connexion 
with  the  capillaries,  in  the  interior  of  the  Malpighian  bodies  (  Würz. 
Verh.,  iv.,  p-SS).    I  will  not,  however,  affirm  that  all  the  arteries 
and  veins  are  connected  in  a  regular  manner  through  capillaries ; 
for,  in  truth,  all  the  more  recent  observations  point  to  a  connexion 
in  some  way  between  the  splenic  pulp  and  the  blood-vessels.  We 
must  still  hesitate,  however,  to  receive  any  such  view  as  demon- 
strated before  it  is  thoroughly  esta-  Fig.ise. 
blished  by  facts. 

The  epithelium  of  the  splenic  vessels, 
especially  of  the  vein,  is  readily  de- 
tached after  death,  and  then  appears 
in  very  large  quantities,  apparently 
free  in  the  pulp.  The  cells  are  spindle- 
shaped  bodies,  at  first  suggesting  a 
resemblance  to  those  of  plain  muscular 
fibre ;  they  have  a  nucleus,  which  is 
frequently  placed  on  one  side.  The 
cells  are  frequently  rolled  up  together, 
and  enclosed  within  a  cell-like  vesicle, 
probably  formed  around  them  during 
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Epithelial  cells  of  the  splenic  vein 
of  man.    Magnified  350  times. 

death.    It  was  these  cells 


rf  c-emly  desoribsri  as  developing  capillaries,  making 
111  Cx^zistriLcring  cerrain  strange  typ-orlieses  on  the 
Lx)d  in  tlie  spleen,  bnt  into  these      cannot  further 
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-  .  diameter.  II- 1         :  :i_    :    :  ziÄ  'j  upon penieUU 

.  i_  :„e  —  iist  of  the  pulp,  0  003'" 
:  _       1    : :  ..  :  :  :  12'"  to  o'ciS"'  in  diameter,  I  have 

c     :       1    1^.  :  :i     -:re.  whilst  all  the  rest  con- 

;  -  :     :       :         :i  _   r  :i        1  .  1-1  :lis  tissue  alone  was  present 
:  1  1        It  is  impossible  to  regard  this  as  of  the  nature 

01  connevtive  tli^stie ;  bnt  it  appears  probable,  rather,  that  this,  as 
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well  as  the  grey  fibres  of  tbe  nerre-triiiks,  is  of  an  embryonic 
cbaracter.  rmtber  iavestigation  into  tbe  origin  of  tbese  tissues 
can  alone  determine  tbe  point.  In  tbe  trunks  of  tbe  splenic  nerves 
of  tbe  calf,  before  tlieir  entrance  into  tbe  spleen,  and  in  its  interior, 
tbere  are  seen  numerous  bifurcations  of  tlie  dark-bordered  primitive 
nerve-tnbes,  botb.  of  tbe  finer  and  of  tbe  coaster  tubes.  These  I 
bave  not  yet  succeeded  in  observing  in  man. 

With  refere-.r  i:  -Ir  --i^^.  —i.--  ::  "Ir  -vialia  app^^ar  ezszr^zo 
agree  "with  man  :  others,  cz.        r-^:      :.  -  :     02,  si^eep,  xir.  — ~rr 


very  considerally.    In  tlv  —  t  .1:15  : 

sheaths  are  o:nl7  :  z-        ^      :  I-  I-  t  11:^11  t--  ::  r  r  .  :  .    "     :  ' 
•whilst  farther  in- 1: '  ^-^    — :_t  ^  .t  Lt  .^t— . 

In  all  smaller  veins. -  L:  1  :  _  tL^t^  -     --riesj,  tiiere  is  no 

longer  any  trace  of  tTTi  eriv-:  : :  r  :  1:^  .  ^  :z  v  rnrSr  ^^ms  =:  :n 
appear  to  be  simply  escavatic--  z        ;  .rn:;         :  -  ;  :_1t  _  :i 

trabecolse,  with  red  spleen  x  li;  i-  "  ^  -_iT;i-e5.  i_i7    t  .l  -  ^.  —  ^= 

They  have,  however,  a  perfect.-  _  -  -  :n  sMning  s  i: :  :  t  - :  .  -  ^  : 
a  covering  of  5pin<3ie-shi7T  t  Tt..-  :  : : ;"     '     :  :;  — 

diameter.    TMslayeris   17     ni::^-::    _:  :v ^        :  ^7:^-- 

completely  tot:"    ::^         ^     ^-      _  7  :  —  — 

lienpcm  a  spe:: "  ^        7        1    _t     .  _  : 

words, n]:  :z  /  v  :^  -_     t  .    't_  t_  :  :^   ::  tissue.  c>  g 

the  pulp  Cr:"  .Ti.  n                            "-^            ._v:  :    :  the  dements. 
are  perfecLlr  7,:-  Lt^      n   -  :  i::-_    :             :            -         -7  ~nfn  "^t  i  n- 
sider that  thes;    tI-  ^  — :_t--         l''^^      -  v  ->is.5  in  fn.rt  s 

width-andare  7:::  ::tT  -  7:  ntt_Tn  _r  -  ^n.-  ^  msinsnze  tn^n- 1  intents 
into  them.  T^^si  5__  -_t  "  n.- :  ^n  t_  :  f  i;_:~e-:i  ~tn  tnr  5  ::ss:rs 
for  some  distance  :  "  n:  I  Lt^T  t. v  :  T  T  :^  lemonstratn  .  _  ~  :  ^7  tr 
connected  with  the  cit: — 117  nrt~::n.  i-t  .         ..ns  net~:tt  r  -  — 

ordinary  j>?rt iWZ7i  a/f^n^rawL  is  itseK  veiy  distiiitt     _  .  :  :  titni: 

itlikelvthst  ^hr  ni   .t  :i  connection  between  the  int:  ^^iirr  in,-  tne  rents 

ever    ^  — :  hvmade  oat:  for  the  nnest  veins  are  such  delicate 

canals,  thät  th  7  n  t  7  tt.tet  tlie  slightest  mech-n: :  "  :  7;-  :^  -ten 
blown  out  orn    :    1  -       linger  be  seen  by  the  _  _e 

other  hand,  we  -  e    ^  n       :e  Tetis  :t:~:t      t    _t_f7  .e;;i_Ts: 

fine  that  it  is  :n  :  —  ne  :  :  "en     e_L__n:_  n.        t^  i^tntenintes. 

So  that  it  won!  -  n  :  n  :  7  :t  :::  ithe  veins  aztses  ty  öspi_^es  ;t  tne 
ordinary  width  "Lnr  n  n  t  .  h  tnat  other  xety  sntsZ  vehis  :nen  h-t; 
wide  interstitial  s^^ccs.  their  WiJ_s  01  nirn.  n  _t  _  .  e-  nnenntn  :emg  ::n- 
tinued  in  some  way  with  the  stmctttren  —  r  ;:  _e  -  es  >nii_~:~s  :t 
roimder  epitheHnm,  ftequently  f :  :  .       n^e        : :  :_e  h  7 

belong  to  these  last-mentioned  vet7  n^  - 

The  l^phatic  vessels  are  stated  tj         t  hi  l    eiy  nnne  - 

mammalian  animals.  This  is  quite  tnir  n  t_e  111  ni:  :ir.  — _i le 
fomid  in  large  numbers  in  the  s  i  ^  n  n  tissue,  where  they  aisstcniise  m 
Tarions  ways:  they  are  well  seen  m  t_-  :i]f.  On  the  ihet  h  zh  is  I  nnh 
the  rasa  jDrofundiara  are  here  scanty.    Thns  I  _  n  .  n:   _r  _  .  ^  :: 

the  calf  s  spleen  only  fonr  lymphatic  tmnhs,  hsvizg  n_  i.ggTe__  :z  ^i_eirr  :i 


372  THE  SPLEEN — HLASEK'S  A^EWS.  [segt.  169. 

o'  1 7"'  only.  The  larger  lymphatics,  in  most  animals,  accompany  the  arteries. 
How  they  commence  is  unknown ;  and  I  can  only  affirm,  that  the  arteries 
which  bear  the  Malpighian  bodies  and  the  ultimate  tufts  are  no  longer  accom- 
panied by  any  lymphatics  recognisable  by  the  microscope.  The  structure  of 
the  lymphatics  of  the  spleen  offers  no  pecuharity ;  they  are  provided  with 
valves. 

The  arteries  of  the  human  spleen  are  very  muscular,  and  this  completely 
suffices  to  explain  the  well-estabhshed  increase  and  decrease  which  takes 
place  in  the  size  of  the  organ  five  or  six  hours  after  taking  nourishment.  In 
animals,  the  muscular  fibres  of  the  envelope  and  of  the  trabeculse  may  also  take 
part  in  this  phenomenon,  and  their  existence  here  will  also  explain  how  it  is 
that  spleens  of  animals  contract  more  energetically  when  galvanised  than  the 
human  spleen  ;  still,  even  in  this  latter,  contractions  do  occur,  as  has  recently 
been  observed  in  Würzhur g  in  an  executed  criminal  (see  Würz.  Verh.  v.). 

Quite  recently,  Hlaseh  has  brought  forward  very  peculiar  opinions  on  the 
structure  of  the  spleen.  According  to  this  author,  there  exists  no  independent 
red  splenic  substance,  but  it  lies  wholly  in  the  interior  of  anastomosing  venotis 
spaces  ;  and  these  spaces,  covered  by  a  regular  epithelium,  traverse  the  whole 
spleen  and  constitute  its  chief  substance.  The  other  parts  of  the  spleen, 
envelope,  trabeculse,  capillaries,  nerves,  splenic  corpuscles,  and  lymphatic 
vessels,  lie  external  to  these  cavernous  veins,  and  contribute  to  the  formiation 
of  their  walls.  How  the  capillaries  are  related  to  these  venous  spaces  Hlasek 
does  not  state,  but,  in  the  opposite  direction,  he  believes  that  the  larger  veins 
arise  from  the  spaces  by  means  of  roots.  Now,  I  hold  this  view  of  the 
structure  of  the  spleen  to  be  wholly  incorrect,  although  it  explains  so  plau- 
sibly the  relation  of  the  pulp  to  the  formation  of  blood-corpuscles,  and  will 
be  held  to  furnish  a  ready  explanation  of  leucsemia  in  tumours  of  the 
spleen.  Nothing  is  easier  than  to  show  that  the  cells  of  the  pulp  do  not  lie 
in  spaces  lined  by  epithelium,  for  they  are  everywhere  directly  in  contact 
with  the  trabeculse  and  Malpighian  corpuscles  —  with  the  arteries,  veins,  and 
capillaries  —  with  the  nerves  and  sheaths,  and  on  these  parts  there  is  as- 
suredly no  epithelial  covering.  From  this  it  results,  that  the  chief  substance 
of  the  spleen  certainly  does  not  lie  within  blood-vessels  ;  Hlasek,  indeed, 
would  explain  the  pulp  as  simply  blood  very  rich  in  cells,  ignoring  the  fact, 
that  the  splenic  X->ulp  has  a  strongly  acid  reaction,  while  the  blood  in  the 
splenic  vessels  is  alkaline  as  usual.  Without  asserting,  therefore,  that  the 
mode  of  connexion  between  the  capillaries  and  veins  is  positively  made  out, 
and  without  being  prepared  to  state  the  exact  relations  of  the  cavernous  venous 
spaces  of  ruminants  (the  existence  of  which  in  these  animals  and  in  the  horse 
I  admit),  I  am  perfectly  convinced  that  the  account  of  the  vessels  given  by 
Hla^sek  is  incorrect. 

Virchoio  and  myself  have  recently  established  the  fact,  that  elements  of 
the  splenic  pulp  (cells  containing  blood-globules,  pigment-cells,  simple  pulp- 
cells,  and  pulp-cells  with  several  nuclei)  do  pass  into  the  blood-vessels,  and, 
conversely,  that  normal  blood-cells,  as  well  as  others  in  process  of  destruction, 
constantly  occur  in  the  pulj?.  There  is,  therefore,  no  room  for  doubt  that  the 
spaces  which  contain  the  splenic  pulp  stand  in  some  normal  relation  with  the 
blood-vessels  ;  and  the  question  then  remains,  which  of  the  two  theories  we 
are  to  adopt:  i.  the  view  expressed  by  me  in  a  previous  section,  that  a 
part  of  the  arteries  and  veins  are  connected  i?i  the  usual  manner  through  capil- 
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laries,  loJdle  in  another  part  the  union  occurs  only  through  the  pulp-spaces;  or 
2.  the  hypothesis  that  the  capillaries  have  generally  no  direct  connexion  with 
the  veins,  but  pass  freely  into  the  pulp;  so  that  the  splenic  blood  travels 
without  definite  course  through  the  pulp,  just  as  by  the  latest  observations, 
the  chyle  travels  through  the  alveoli  of  the  lymphatic  glands.  From  the 
absence  of  conclusive  evidence  as  to  the  facts,  the  choice  between  these  two 
hypotheses  is  difficult  ;  either  of  them  is  as  available  for  the  physiologist  and 
pathologist  as  the  statements  of  Hlaseh  In  fine,  I  would  maintain  the 
opinion  I  have  aheady  expressed  as  to  the  connexions  of  the  vessels,  for  two 
chief  reasons :  first,  that  in  man  the  capillaries  may  be  actually  traced  nito 
veins  (in  the  Malpighian  bodies,  at  all  events) ;  and  secondly,  that  on  no  other 
hypothesis  can  we  understand  the  different  reaction  of  the  splenic  pulp  from 
that  of  the  blood  in  the  vessels. 

This,  then,  being  our  conception  of  the  circulation  in  the  spleen,  we  are 
certainly  reminded  somewhat  of  the  corpora  cavernosa  in  the  larger  mam- 
malia, in  which  a  part  of  the  arteries  and  veins  are  connected  by  means  of 
great 'venous  spaces,  while  in  the  thick  trabeculee  capillaries  are  met  with  m 
the  ordinary  manner.  Suppose  these  spaces  to  be  filled  with  a  special  paren- 
chyma of  cells,  with  capillaries  running  through  it,  and  the  structure  would 
present  a  considerable  similarity  to  that  of  the  spleen.  In  any  case,  however, 
the  pulp  must  not  be  regarded  as  merely  a  slowly  moving  blood  rich  in  cells, 
but  as  a  more  stable  element,  which,  while  it  gives  and  takes  materials  from 
the  blood,  still  serves  other  purposes,  as  is  indicated  by  the  pecuhar  chemical 
properties  of  the  splenic  juice  and  by  its  acid  reaction. 

In  the  great  obscurity  which  still  surrounds  the  relation  of  the  spleen  pulp 
to  the  blood-vessels,  we  may  be  allowed  to  give  consideration  to  statements 
which  do  not  at  first  recommend  themselves  by  being  very  intelhgible.  Such 
are  the  views  of  Sasse,  Billroth,  and  Gray.  Accordiog  to  Sasse,  the  pulp-cells 
are  contained  in  tubes  formed  of  homogeneous  membrane  with  nuclei ;  and, 
by  the  rupture  of  these  tubes,  the  cells  become  free  and  metamorphosed. 
Billroth  states  the  parenchyma  of  the  spleen  to  be  a  fine  hollow  network 
made  up  of  cells,  into  which  the  arteries  finally  open,  and  from  whence  the 
veins  spring ;  he  comes  to  no  conclusion  about  the  formation  of  the  red 
blood-discs,  though  he  thinks  the  process  goes  on  in  the  cells  of  his  network. 
Gray,  lastly,  gives  three  ways  in  which  the  veins  commence:  i.  in  direct 
prolongation  from  the  capillaries,  the  most  usual  way ;  2.  from  intercellular 
spaces  in  the  pulp  ;  and  3.  by  forming  an  imperfect  envelope  around  the 
Malpighian  bodies.  Through  the  vagueness  of  the  two  latter  statements, 
this  author  fails  to  afford  a  direct  addition  to  our  knowledge  of  the  relations 
of  the  vessels. 


§  170.  Physiological  Remarks. —ThQ  spleen  begins  its  develop- 
ment in  the  fcEtus  at  the  end  of  the  second  month,  in  a  fold  of 
peritoneum  at  the  fundus  of  the  stomach;  it  originates  from  a 
blastema,  which  has  no  connexion  with  the  stomach,  liver,  or 
pancreas.  At  first  it  is  a  whitish  body,  often  slightly  marked  into 
lobes,  and  assumes  a  red  colour,  from  the  development  of  blood 
and  vessels  within  it.    The  roundish  cells,  which  at  first  compose 
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the  whole  spleen^  develop  themselves  in  the  third  month,  partly  into 
vessels  and  fibres,  while  a  part  remains  as  the  cells  of  the  paren- 
chyma. The  Malpighian  bodies  are  of  later  growth,  but  they  are 
seen,  without  exception,  at  the  end  of  the  foetal  period,  although 
considerably  smaller  then  than  at  a  subsequent  time.  I  do  not 
know  for  certain  how  they  originate,  but  I  believe  them  to  be 
produced  from  little  masses  of  cells,  the  outermost  of  which  de- 
velop into  the  fibrous  envelope ;  while  those  of  the  interior  remain 
partly  in  their  original  condition,  partly  are  metamorphosed  into 
blood-vessels. 

This  is  not  the  proper  place  to  discuss  at  length  functions  of 
the  spleen,  for  which  I  refer  the  reader  to  my  Micros.  Anat.,  ii.  2, 
p.  282.  Here  I  shall  content  myself  by  observing,  that  the  most 
recent  observations  (  Würzh.  Trans.,  vii.)  tend  to  show  that  the 
spleen  is  essentially  an  organ  in  which  colourless  and  also  coloured 
blood-corpuscles  are  developed,  which,  after  having  been  taken  up 
by  the  veins  of  the  organ,  are  in  this  manner  mixed  in  the  blood. 

The  investigation  of  the  spleen  presents,  as  far  as  certain  conditions  are 
concerned,  no  difficulties ;  the  pulp,  trabeculse,  envelope,  and  Malpighian 
corpuscles  are  found  without  any  preparation.  The  Malpighian  bodies  are 
best  examined  first  in  the  pig  and  ox,  for  in  these  animals  the  envelope  and 
contents  can  be  readily  isolated,  and  the  connexion  with  the  vessels  may  also 
be  seen.  In  order  to  see  cells  containing  blood-corpuscles,  the  addition  of 
water  must  be  avoided.  The  muscular  fibres  may  be  very  distinctly  seen  in 
the  finer  trabeculse  of  the  ox,  pig,  and  dog,  especially  after  maceration  in 
nitric  acid  of  20  per  cent.  Injections  of  the  arteries  and  capillaries  can  be 
readily  made,  the  veins  being  difficult  to  inject ;  in  the  lower  animals,  even 
more  difficult  than  in  man.  The  nerves  are  readily  found  upon  the  arteries ; 
the  lymphatics  are  to  be  studied  in  the  ox.  In  the  examination  of  the  pulp 
Billroth  uses  liq.ferri  sesquichl.,  and  in  man,  chromic  acid  and  glycerine. 

Literature. — M.  Malpighi,  De  Liene,  in  Exercit.  de  Vise.  Struct.,  Lond., 
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OF  THE  ORGANS  OF  HESPIUATION. 

^171.  In  the  respiratory  organs  are  usually  enumerated  the 
larynx,  trachea,  and  lungs.  In  this  connexion,  however,  it  wdl  be 
proper  to  describe  also  the  thyroid  and  the  thymus  glands,  two 
organs  which,  at  their  origin,  are  related  to  the  '  branchial  arches' 
of  the  embryo,  and  which  retain,  perhaps,  some  physiological  re- 
lation to  the  lungs. 

Of  the  Lungs. 

§  172.  The  lungs  consist  of  a  structure  exactly  similar  to  that 
of  a  compound  racemose  gland,  the  lobes,  lobules,  and  air-cells 
constituting  the  proper  parenchyma;  whilst  the  bronchia,  trachea, 
and  larynx  represent  the  excretory  apparatus.  Considered  as  such 
a  gland,  the  lung  presents  peculiarities  both  in  function  and  struc- 
ture :  in  function,  since  the  process  in  the  cells  is  one  of  absorption 
as  well  as  excretion,  and  affects  the  entire  mass  of  the  blood ;  m 
structure,  since  the  peculiar  nature  of  the  contents  of  the  cells 
requires  a  special  structure,  firm  and  at  the  same  time  elastic. 

§  173.  The  laryiix  is  the  most  complex  part  of  the  air-passages, 
and  consists,  firstly,  of  a  firm  framework,  the  laryngeal  cartilages 
with  their  Hgam.ents ;  secondly,  of  numerous  small  muscles  attached 
to  these;  and  lastly,  of  a  mucous  membrane  full  of  glands,  which 
lines  its  interior. 

The  cartüages  of  the  larynx  are  not  all  alike  in  their  structure, 
seeing  that  some  consist  of  ordinary  cartilaginous  tissue,  others  of 
fibro-cartilage,  and  a  third  sort,  again,  are  composed  of  the  so- 
called  reticulated  or  yellow  cartilage.  To  the  first  kind  belong  the 
thyroid,  cricoid,  and  arytenoid  cartilages,  all  of  which  possess  a 
homogeneous,  hyaline  matrix,  with  cartilage  cells  scattered  through 
it  (fig.  157).    The  afiinities  of  these  cartilages  are  especially  with 
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tliose  of  the  ribs;  at  the  exterior  the  cells  are  mostly  flaTteue.i  j 
proceeding  inwards,  there  is  a  whitish  layer  of  many  large  mother- 
cells  in  a  more  fibrous  matiTx  :  whüe  internal  to  these^  again,  there 
is  more  of  the  matrix^  and  the  cells  are  smaller  and  arranged  in  a 
radiating  manner.  The  capsnles  of  the  cells  are  of  considerable 
thickness,  and,  in  the  included  cell,  a  lar^e  fat-globule  is  generally 
met  with.  Incmstations  of  the  cartüage-cells  and  of  the  matrix  by 
calcareous  particles  are  very  frequent  in  the  laryngeal  cartilages ; 
and^  in  addition,,  true  ossifications  are  also  met  with^  which  are 
always  accompanied  by  the  formation  of  cayities,  filled  with  a  beauti- 
ful gelatinous  cartilage-medulla,  containing  vessels. — The  epiglottis^ 
the  cartilages  of  Santorini  and  Wr-lshera.  and  also,  according  to 
Rhdn-rr.  the  proce^sms  vocales  and  apex  of  the  arytenoid  cartilage^ 
consist  of  yellow  or  reticulated  cartilage  (see  §  24,  fig.  16).  This 
presents,  i.  dark  fibres,  very  densely  interwoTcn,  which  are  much 
thicker  in  some  animals  than  in  man  (^in  the  ox,  for  example) ;  and 
2.  large  translucent  cartilage-capsules^  O'oi'"  to  0*02"'  in  diameter. 
In  one  of  these  capsules  HeriU  has  observed  a  concentric  dispo- 
sition^ of  such  a  nature  that  the  remains  of  the  cell-cavity  re- 
sembled a  simple  bone-lacuna,  with  a  few  processes  fi*om  it  {Allg. 
Anat.,  tab.  v.  fig.  8). — The  cartilaao  triticea  consists  of  connective 
tissue  with  interspersed  cartilage-cells,  and  is,  therefore,  ordinary 
fibro-cartilage,  but  it  is  occasionally  only  hyaline  cartilage  {Rheiner, 

With  regard  to  the  ligaments  of  the  larynx,  the  lia.  crico- 
thyreoideum  medium^  and  Jig.  thyreo-aryfoenoidea  inferiora  contain 
principally  elastic  tissue,  and  are  yellow :  whilst  the  others,  as  the 
thyreo-arytiBnoidea  superiora,  hyo-  and  thyreo-epiglottica,  with  the 
thyreo-hyoid  membrane,  exhibit  but  little  of  the  yeUow  elastic 
element.  The  elastic  fibres  of  the  laryngeal  ligaments  are  of  the 
finer  kind,  scarcely  measuring  above  o  coi  '  in  diameter_,  and  are 
united,  in  the  usual  manner,  to  form  a  dense  elastic  network ;  this, 
however,  even  where  it  appears  most  pure,  everywhere  contains  in- 
termingled connective  tissue.  The  muschs  of  the  laiynx  are  wholly 
composed  of  transversely  striated  muscular  fibres,  C"0i6"'  to 
in  diameter,  and  of  the  same  structure  as  elsewhere  in  the  bodv. 
They  arise  from  the  cartilages  of  the  larynx,  and  are  attached  to 
these  as  well  as  to  its  elastic  ligaments.  The  attachment  to  a  liga- 
ment is  seen  in  the  case  of  the  thyreo-aryt^noideus,  which  is,  for 
the  most  part,  lost  upon  the  external  concave  side  of  the  vocal 
cords. 

The  mucous  membrane  of  the  larynx,  the  continuation  of  the 
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mucons  membrane  of  tlie  buccal  cavity  and  fauces,  is  smooth, 
Avhitish-red,  and  connected  Avith  tlie  subjacent  parts  by  abundant 
submucous  tissue  of  the  ordinary  kind.    Except  at  the  aperture  of 
the  glottis,  the  mucous  membrane  of  the  larynx  possesses  through- 
out a  ciliated  epithelium,  and  is  without  papillae.    It  abounds  in 
elastic  fibres,  which  form  a  fine  net^York,  especially  in  its  deeper 
portions;  the  more  superficial  layer,  0-03'"  to  0-04'"  in  thickness, 
consisting  chiefly  of  connective  tissue,  and  terminating  with  a  ho- 
mogeneous border,  of  about  0-004"'  in  thickness,  that  cannot ^  be 
isolated.    In  adults,  according  to  Bheiner,  the  ciliated  epithelium 
begins  at  the  base  of  the  epiglottis  and  the  upper 
vocal  cords  2"  to  3"'  below  the  entrance  of  the 
larynx,  and  thence  extends  downwards  over  the 
whole  interior  (see  fig.  10,  p.  36).    It  consists  of 
several  layers  (see  §  20,  p.  36),  and  is,  in  the  whole, 
from  0-024"  to  0-04'"  thick.    According  to  the 
discovery  of  H.  PJieiner,  which  I  can  confirm,  the 
vocal  cords  possess  a  laminated  pavement  epi- 
thelium, that  extends  as  a  narrow  stripe  upon  the 
arytenoid  cartilages  as  far  as  the  pharynx.  The 
proper  cylinders,  which  carry  the  ciha,  average 
0-0 1 5"'  to  0-02'"  in  length,  and  0  0025'"  to  0-004"' 
in  breadth  j  they  contain  oval  nuclei,  of  0-003"' 
to  0-0043'"  in  diameter,  with  occasionally  some 
fat-granules  (fig.  1 56^).    These  cells  are  generally 
sharply  pointed,  and  are  frequently  prolonged  into 
a  thin  fibril,  which  may  become  so  long  that  the 
whole  cell  acquires  a  length  of  0-024"  to  0-027"'.    1\\q  cilici 
vihratilia  are  fine,  clear,  soft  processes  of  the  cells,  0-0016'"  to 
0-0022'"  in  length,  which  arise  from  them  by  a  somewhat  broader 
base,  and  terminate  in  a  tapering  point.    They  are  mostly  dis- 
posed close  to  one  another  over  the  entire  terminal  surface  of 
the  cells;  according  to  Valentin,  there  are  from  ten  to  twenty- 
two  upon  each  cell,  an  estimate  which  appears  to  me  rather 
too  low ;  more  rarely,  they  are  met  with  in  smaller  numbers,  or 
even,  as  was  previously  mentioned,  only  a  single  one  upon  a  cell. 
Care  must  be  taken,  however,  not  to  mistake  several  cilia  glued 
too-ether  for  a  single  one,  an  appearance  which  is  particularly  likely 
to  deceive  in  the  foetus.    In  a  chemical  point  of  view,  the  cells  of 
the  ciliated  epithelium  agree  throughout  with  those  of  the  cylin- 
drical epithelium,  and  the  spontaneous  elevation  of  the  cell-mem- 
brane, after  the  addition  of  water,  is  especially  observable  upon 
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them.  Tlie  cilia  are  more  deiicaie  tliaii  the  ecil-membraiies.  and 
Teiy  readilr  fall  ou  on  slight  maceration  of  the  epithelinm.  They 
are  more  or  less  altered  by  almost  all  re-agents,  and  by  many  are 
immediately  destroyed;  chromic  acid^  howerer,  does  not  affect 
them  much.  TThen  they  have  ceased  to  play,  they  may  again  be 
made  to  move  actirely  for  a  while  (as  Jlrc?ioic  discorered)  by  the 
addition  of  diluted  caustic  potass  or  soda.  In  man,  the  ciliary 
movement  proceeds,  in  the  trachea,  firom  below  upwards,  and  is 
often  perceptible  fifty-two  or  eren  seventy-eight  hours  after  death 
{Burmir,  Go-ssdtri  .  Desquamation  of  the  dliated  epithelium  of 
the  larynx  and  air-passages  is  never  presented  normally.  Separate 
ciliated  cells,  it  is  true,  are  occasionally  detached,  and  discharged 
externally  with  the  mucus  of  the  air-tubes  ;  but  no  traces  of  a 
more  extensive  detachment  of  the  ciliated  cells  are  met  with. 
Even  in  diseases  of  the  respiratory  passages,  the  falting-off  of  the 
ciliated  cells  is  by  no  means  such  a  usual  phenomenon  as  is 
beheved  by  many,  and  the  epithelium  may  firequently  be  found 
after  death  more  or  less  uninjured  amongst  puriform  mucus,  and 
even  in  the  midst  of  croupous  exudation.  The  manner  in  which 
the  fallen- off  ciliated  cylinders  are  replaced  is,  perhaps,  simply  by 
the  multiplication  of  the  deeper  cells  (by  a  process  of  partition  of 
the  cell),  which  move  towards  the  surface,  while  cilia  are  repro- 
duced on  the  most  external.  Probably,  also,  in  desquamation  the 
long  cylinders  may  divide  transversely,  and  new  cilia  may  form  on 
the  surface  so  exposed,  an  opinion  which  receives  confirmation 
from  the  observation  of  VaUntin  and  Sierirur.  that  many  of  these 
cylinders  have  two  or  three  nuclei  one  behind  the  other. 

The  mucous  membrane  of  the  larynx  contains  a  considerable 
number  of  small  gland-?,  which  are  all  of  the  racemose  kind.  Lake 
those  of  the  oral  cavity,  of  the  pharynx,  ezc  .  they  possess  roundish 
gland- vesicles,  of  0  03'"  to  0*24"'  in  diameter,  with  a  pavement- 
epithehnm,  and  excretory  ducts  with  cylindrical  ceUs.  Some  of  these 
glandules  lie  scattered  upon  the  posterior  surface  of  the  epiglottis, 
where  they  are  frequently  imbedded  in  depressions  of  the  cardlage, 
and  in  the  cavity  of  the  larynx  itself,  where  their  openings,  the 
size  of  pins'  heads,  are  readily  visible  to  the  naked  eye.  In  these 
situations,  their  size  is  from  to  J'^  in  diameter.  Others  of 
these  racemose  glandules  form  a  large  cluster  at  the  entrance  of 
the  larynx,  in  fit)nt  of  the  arytenoid  cartilages,  and  a  horizontal 
process  from  this  cluster  envelopes  the  cartilage  of  Wruherg,  while 
another  pordon  descends  into  the  cavity  of  the  larynx  {glanduhe 
aryUmoid&e  lateralem j.    Glandules  also  lie  upon  the  arytanrndeus 
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tramtenui,  and  a  considerable  nnmber  of  them  present  tbemselres 
extemallv  upon  the  Tentricles  of  Moroanrd,  behind  and  abore  the 
li^amenti  of  the  yentricles.  The  secretion  of  these  glands  is  pnre 
inucus,  without  anv  morphohjgical  element*,  as  we  hare  before  seen 
in  the  glands  of  the  buccal  caTitr. 

The  larrnx  is  plentifullT  supplied  r-?  ijt. 

with  xpjs*.th  and  nercei.  The  former 
present,  in  the  mucons  membrane,  the 
same  condition  as  in  the  pharynx,  and 
nltimately  form  a  superficial  net-work 
with  capiQaries  of  0  003"'  to  0-004"  r  7 
in  diameter.  The  lyrnphatus  aie  nu- 
merous and  proceed  to  the  deeper  ^ 

cervical  glands.    With  regard  to  the  t;^- 

nerves,  we  learn  from  Bidder-Volk-  : 

mann,  that  the  special  nerre  of  sen-  - 

sation,  the  larmoeus  mperior.  c-ontains  . 

fine  nerre-fibres,  and  the  special  mo-     ^^  rj:^  j. 

tor  nerve,  laryngem  inferior,  mnch     i^^-^v  ' 

thicker  ones.    Their  terminations  are     i     j  c  |- 

met  with  in  the  muscles,  the  peri- 

chondrinm,  and  especiallT  in  the  mu- 
cous  membrane;    ther  present   the  : 

same  arrangement  in  the  last     iz.  :_e 

pharynx  (see  p.  314;?  and  upon  tne 

branches  to  the  epiglottis,  microsccpic  ^ 

ganglia  may  be  detected.  ,  j 


even  o"i5"'in  dLauL 
rTI  roandish.  c 
e  compared  w 


coos  meiczriiL 


§  174.   Tiie  '"^  t'J^o 

hranehe-s  are  connected  with  the  neigh- 
bouring par  ts  by  a  connective  tissue,  rich 
in  beantifal  elastic  fibres,  and  are  directly  sni  : 
elastic  fibrous  tissue.    This  layer  covers  the  se- 
as a  perichondrium,  connects  tie  rings  wiih  e;^ 
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somewhat  thinner  layer,  lines  the  posterior  membranous  wall  of  the 
canals.  Next  to  this  layer  come  the  cartilages  in  front  and  at  the 
sides_,  while  posteriorly,  the  fibrous  layer  is  in  contact  with  a  stratum 
of  muscular  fibres.  The  cartilages  to|-"'in  thickness,  present  quite 
the  same  characters  as  the  larger  laryngeal  cartilages,  except  that 
they  have  no  tendency  to  ossify.  The  muscular  fibres  of  the 
trachea  and  its  branches,  on  the  other  hand,  differ  in  being  no 
longer  transversely  striated.  They  form  a  layer  of  transverse  fibres 
0-3'"  thick,  upon  the  posterior  wall  of  the  canals,  and  also  bundles 
of  separate  longitudinal  fibres  external  to  these.  The  component 
elements  of  these  fibres  measure  0*03'"  in  length,  and  0'002'"  to 
.  0  004"  in  breadth,  and  are  connected  in  the  form  of  small  fasciculi. 
These  bundles  are  inserted  by  beautiful  little  tendons  of  elastic 
tissue — partly  into  the  inner  surfaces  of  the  extremities  of  the 
semi-circular  cartilages,  and  partly  (especially  the  longitudinal 
bundles),  into  the  outer  fibrous  coat  (see  my  Micr.  Anat.,  ii.  2, 
fig.  277). 

Internal  to  the  cartilages  and  muscular  fibres,  which  in  a  certain 
manner  are  to  be  regarded  as  one  layer,  there  follows  a  stratum  of 
dense  connective  tissue,  of  about  0-12''"  in  thickness,  and  then  the 
proper  mucous  membrane.  The  latter  possesses  two  layers,  an 
outer  one  of  connective  tissue  0-12"'  thick,  and  an  inner  yellow  layer 
0-09"' to  o-i'"  thick,  almost  purely  composed  of  elastic  fibres;  these 
fibres  measure  up  to  0'00i5"'  in  diameter,  and  their  reticulations 
run  in  the  longitudinal  direction  :  in  some  places,  especially  upon  the 
posterior  wall,  they  appear  in  the  form  of  thick,  flat  bundles,  fre- 
quently joining  each  other  at  acute  angles.  Upon  the  posterior  wall 
especially,  the  innermost  portion  of  this  elastic  layer  is  more  like 
that  of  the  larynx,  being  composed  of  connective  tissue  with  fine 
elastic  fibres  ;  it  can  be  separated  from  the  coarser  elastic  layer  as 
a  thin  pellicle  0-024'''  0*03'''  thickness,  and  this  itself  is 
divisible  into  strata,  one  of  which,  immediately  beneath  the  epi- 
thelium, is  very  homogeneous,  and  about  0*005'"  in  thickness. 
Upon  them  is  seated  the  ciliated  epithelium,  which  is  laminated, 
and  diff'ers  in  nothing  from  that  of  the  larynx.  In  the  mucous 
membrane,  there  are  numerous  glands ;  those  upon  the  anterior 
wall  being  smaller  to  \"'),  and  immediately  external  to  the 
elastic  layer;  those  upon  the  posterior  wall  being  larger  (i'"to  1'"), 
and  situated  external  to  the  muscular  fibres  also.  The  larger  of 
these  glands  difter  in  no  respect  from  those  of  the  larynx ;  but  the 
smaller,  situated  in  the  substance  of  the  mucous  membrane,  are 
often  only  simple  or  forked  cul-de-sacs,  composed  of  oval  gland- 
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vesicles  (o'oo/"  to  0-003'"  in  diameter),  and  a  very  narrow 
aperture  with  thick  walls  (o-oo6'''  to  o-oi'"),  the  appearance  of 
thickness  resulting  from  a  beautiful  cylindrical  epithelium. 

The  blood  vessels  of  the  trachea  are  very  numerous ;  those  of  the 
mucous  membrane  exhibit  the  peculiarity  of  the  larger  branches 
running  chiefly  in  the  longitudinal  direction,  while  the  net-work 
formed  by  the  superficial  capillaries,  has  roundish  or  angular 
meshes.    This  superficial  net-work  is  frequently  situated  imme- 
diately beneath  the  homogeneous  layer  of  the  mucous  membrane, 
external  to  the  elastic  elements.    The  trachea  possesses  a  large 
number  of  lymphatic-vessels,  whose  mode  of  commencement  is  not 
known  with  certainty.    That  which  I  formerly  described  as  such 
(llicr.  Anat.  ii.  2,  p.  307),  was,  probably,  only  some  peculiar  alter- 
ation in  the  blood-vessels  (see  iUd.  p.  526).    Numerous  nerves  also 
are  found  in  the  trachea,  which  have  the  same  arrangement  here 
as  in  the  larynx. 

§  175.  Lungs.— "IhQ  lungs  are  two  large  compound  racemose 
glands,  in  which  there  may  be  distinguished,  i,  a  special  serous 
envelope,  the  pleura ;  2,  the  secretory  parenchyna,  consisting  of 
the  ramifications  of  the  two  bronchi,  with  their  terminations  — the 
air-cells,  together  with  numerous  vessels  and  nerves;  and,  3, 
an  interstitial  tissue,  situated  between  these  parts,  and  connecting 
them  into  larger  and  smaller  lobules. 

The  pleurm  completely  agree  in  their  structure  with  the  peri- 
tonaeum ;  like  this,  they  are  thicker  in  their  parietal  lamina,  and 
consist  of  connective  tissue,  richly  furnished  with  elastic  elements, 
some  finer  and  some  coarser,  which  tissue  is  covered  by  a  pave- 
ment-epithelium. To  these  components  is  added,  in  the  pleura 
covering  the  thoracic  walls  and  the  outside  of  the  pericardium,  a 
more  purely  fibrous  layer.  Vessels  are  seen  in  the  pleura,  most 
abundantly  in  that  covering  the  lung,  where  they  are  furnished  to 
the  subserous  tissue  from  the  bronchial  and  pulmonary  arteries ; 
the  parietal  lamellae  are  supplied  more  scantily  by  the  intercostal 
and  mammary  vessels.  Luschka  has  found  nerves  with  fine  and 
broad  tubules,  and  has  traced  them  in  the  outer  part  of  the 
pleura  to  the  x^hrenic  nerve  aud  the  thoracic  part  of  the  sym- 
pathetic. I  also  have  observed  nerves  in  the  pulmonary  pleura 
of  man,  measuring  up  to  0-036"'  in  diameter,  and  accompanying 
the  bronchial  arteries;  they  possessed  nerve-tubes,  some  thick 
and  others  moderately  fine,  and  here  and  there  were  inter- 
spersed large  ganglion-globules,  which  came  from  the  pulmonary 
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plexus,  and  were  probably  given  off  chiefly  by  the  vagus. 
Peculiar  appendages  of  the  pleura,  resembling  the  villi  of  the 
synovial  membranes,  and  containing  vessels   and  even  nerves, 
occur  here  and  there,  according  to  Luschka^  at  the  sharp  edges  of 
the  lungs. 

§  176.  Bronchial-tuhes  and  Air-cells. — When  the  right  and 
left  bronchi  have  arrived  at  the  roots  of  the  lungs,  they  com- 
mence to  ramify  after  the  manner  of  the  excretory  ducts  of  a 
large  gland;  the  liver  for  example.  They  become  divided  into 
smaller  and  smaller  branches,  mostly  dichotomously  and  at  acute 
angles ;  but  small  branches  are  also  given  ofP  at  right  angles  from 
the  sides  of  the  larger  tubes.  On  reaching  a  certain  size,  all  the 
bronchial  tubes  break  up  into  tufts,  and  form  a  very  thick  tree, 
the  finest  ramifications  of  which  never  join  each  other.  This  ex- 
tends throughout  the  whole  lung,  upon  the  surface  and  in  the 
interior  alike. 

With  the  smallest  bronchial  tubes  or  bronchia  are  connected  the 
ultimate  elements  of  the  air-passages— the  air-cells  or  pulmonary 
vesicles  {yesiculm  s.  cellulce  aerece  s.  Malpig]iian{2,  alveoli  puhno7ium, 
Rossignol).  The  terminal  bronchial  tube  is  connected  with  an  entire 
group  of  vesicles,  and  not  (as  was  formerly  beheved)  by  the  ending 
of  each  in  a  single  vesicle.    The  groups  of  vesicles  correspond  to  the 

smallest  lobules  of  racemose  glands, 
and  there  is,  accordingly,  not  the 
slightest  necessity  to  designate  them 
by  another  name,  as  Rossignol  has 
done,  who  calls  them  4nfundibula.' 
Still  it  must  be  admitted,  that  their 
structure  presents  certain  peculi- 
arities. Thus,  in  other  glands,  the 
gland-vesicles  have  a  certain  inde- 
pendence, even  if  they  are  not  en- 
tirely isolated ;  but  the  air-cells  of 
the  lung,  which  are  the  elements 
corresponding  to  gland-vesicles,  are 
blended  with  each  other  to  a  con- 
siderable degree,  so  that  the  vesicles 
belonging  to  a  lobule  do  not  open 
separately  into  ramifications  of  the 
small  bronchi,  but  join  together  into 
a  common  cavity,  from  which  the  air-passage  is  evolved.  We 
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Two  small  pulmonary  lobules,  a  a, 
■with  the  air-cells,  hb,  and  the  finest 
bronchial  branches,  cc,  on  which  air- 
cells  are  likewise  seated,  of  a  newly  born 
infant;  magnified  25  times.  Half-dia- 
grammatical figure. 
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may  most  readily  convince  ourselves  of  this  arrangement  by  making 
sections  in  different  directions  of  an  inflated  and  dried  ung  or  by 
examining  a  preparation  wbicb  has  been  injected  with  colom^ed 
resin,  and  macerated  in  hydrochloric  acid.    In  such  preparations, 
we  never  find  single  terminal  air-cells,  nor  do  we  ever  see  them 
pedunculated  or  opening  independently;  but  they  always  open 
into  each  other,  and  coalesce  in  such  a  manner,  as  to  form  by  their 
union  a  tube  with  sinuous  walls,  and  mostly  pyriform  m  shape. 
These  tubes  are  the  finest  pulmonary  lobules,  or  the  mfundibula 
of  Rossignol.     The  air-cells  on  their  walls  are  not  disposed  smgiy 
and  at  regular  intervals,  but  are  arranged  in  groups  and  even 
form  small  secondary  recesses,  which  open  in  the  so-called  mtun- 
dibulum.    An  idea  of  the  whole  relation  of  the  parts  m  question 
may  be  best  obtained,  by  regarding  each  pulmonary  lobule  as 
an  amphibian  lung  in  miniature:  or  we  may  cousider  tlie  ulti- 
mate divisions  of  the  bronchia  to  widen  at  their  ends,  and  the 
dilated  extremities  to  be  closely  beset  with  numerous  racemose 
groups  of  vesicles,  opening  into  one  another,  and  into  the  common 
cavity.     This  structure  corresponds,  then,  in  its  mam  features 
with  that  of  other  racemose  glands.    Adriam  has  observed  m  the 
adult  lung,  a  partial  coalescence  of  the  air-cells  of  a  lobule  by 
perforation  of  their  walls,  the  septum  between  two  adjacent  air- 
cells  in  a  group  being  reduced  to  a  few  isolated  threads. 

The  smallest  bronchial  tubes,  o-i''' to  o-i6'''in  diameter,  arise 
from  the  finest  lobules  by  simple  diminution  in  size.    At  their 
origin  they  continue  to  be  surrounded  by  simple  air-cells,  which 
are  called  parietal,  and  they,  accordingly,  have  at  first  sinuous 
walls.    The  irregularities  soon  disappear,  and  give  place  to  the 
ordinary  smooth  appearance,  which  is  observable  through  the 
remainder  of  their  course.    The  size  of  the  air-cells  varies  very 
considerably  even  in  healthy  lungs,  and,  in  the  absence^^of  aila- 
tation  by  air,  is  found  to  measure  after  death       to        to  • 
Every  air-vesicle,  however,  is  capable,  by  virtue  of  its  elasticity,  of 
being  distended,  without  tearing,  to  double  or  treble  its  original 
siz^  and  of  returning  afterwards  to  its  previous  condition.  We 
shall  not  err  in  assuming,  that  in  life,  during  moderate  fulness  of 
the  lungs,  the  air-vesicles  are  at  least  one-third  wider  than  after 
death  •  and  that,  by  the  utmost  possible  deep  mspiration,  the  dila- 
tation'may  reach  to  double  the  size  presented  post  mortem.  In 
emphysema,  dilatation  to  this  extent,  and  even  far  beyond  it, 
becomes  permanent,  and  may  lead  at  last  to  the  rupture  of  the 
walls  of  the  alveoli  of  a  lobule,  or  even  to  the  coalescence  of  the 
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lobules  themselves.  In  a  recent  collapsed  lung,  the  form  of  the 
air-cells  is  mostly  roundish  or  oblong,  becoming  polyhedral,  in  an 
inflated  or  injected  lung,  inconsequence  of  their  mutual  flattening; 
the  air-cells  of  the  surface  of  the  lungs  invariably  appear  poly- 
gonal, and  their  external  sides  are  always  nearly  equal. 

The  lobulated  structure  of  the  lung  is  not  nearly  so  distinct  in 
the  adult  as  in  younger  individuals  and  in  animals.  It  is,  there- 
fore, advisable  to  begin  the  investigation  of  this  structure  on  the 

lung  of  a  child.  Here  each  single 
lobule  is  to  be  found  distinctly  sepa- 
rated from  all  others  by  connective  tissue, 
and  may  be  isolated,  so  as  to  exhibit 
^  the  tolerably  regular  pyramidal  form 
of  the  superficial  lobules,  and  the  more 
irregular  shape  of  the  internal  ones. 
In  the  adult,  these  ultimate  lobules, 
i^^-^Y     1^  ranging  in  size  from       to  i"',  are  still 

^    '  present,  but  are  so  intimately  blended, 

that  even  upon  the  surface  of  the  lung 
their  outhnes  are  difiäcult  of  recog- 
nition; while  in  the  interior  of  the 
organ,  the  structure  formed  by  their 
union  appears  at  first  sight  homo- 
geneous, somewhat  as  in  the  liver. 
On  the  other  hand,  the  secondary  lobules,  \,  h,  to  i  inch  in  size 
('  lobules '  of  some  authors),  are  generally  distinct,  even  in  adults, 
especially  when  the  boundaries  of  these  lobules  are  marked  out  by 
streaks  of  pigment  deposited  in  the  interjacent  connective  tissue,  as 
is  often  the  case  in  grown  persons.  These  lobules  last  m^entioned, 
united  by  an  abundant  interstitial  tissue,  make  up  the  well-known 
large  '  lobes '  of  the  lung.  Thus  the  lung,  as  a  whole,  is  composed 
of  larger  and  smaller  segments,  which  again  are  made  up  of  air- 
cells  and  minute  bronchia.  Each  of  these  segments  is  in  connexion 
with  one,  and  one  only,  of  the  larger  bronchial  tubes,  which  have 
arisen  from  the  main  air- passages  in  certain  definite  groups. 


A. 


Exterior  surface  of  the  injected  Inng 
of  a  cow,  after  Harting ;  magnified  30 
times,  a  a.  Air-cells.  6  h.  Borders 
of  tlie  smallest  lobules  or  infuiidibiila 
{Rossignol). 


§  177.  The  intimate  structure  of  the  bronchi  and  air-cells  is  as 
follows. — Th€  hroncld  are,  in  the  main,  constructed  like  the  trachea 
and  its  branches;  still  some  differences  present  themselves  even 
from  the  commencement,  and  these  increase  more  and  more  as 
the  bronchia  are  traced  onwards.  Tw^o  coats  may,  for  the  sake  of 
convenience,  be  distinguished  upon  thera :  an  outo^v  fibrous  coat, 
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partly  possessing  cartilages,  and  a  mucous  coat,  in  which  is  a  layer 
of  smooth  muscular  fibres.  The  outer  coat,  formed  of  connective 
tissue  and  elastic  fibrils,  is  as  thick  on  the  first  bronchia  within  the 
lung  as  in  the  two  main  bronchi  from  which  they  spring.  It 
becomes,  however,  gradually  more  and  more  attenuated,  and  is 
scarcely  demonstrable  with  the  knife  on  bronchi  below  i'"  in 
diameter.  Traced  onw^ards,  this  coat  is  found  to  coalesce  eventually 
with  the  mucous  membrane  and  the  loose  connective  tissue,  which 
connects  the  bronchi  with  the  pulmonary  parenchyma.  In  it  are 
seated  the  cartilages  of  the  bronchia,  which,  instead  of  semicircles, 
are  here  irregular  angular  plates,  distributed  over  all  parts  of  the 
circumference  of  the  tube.  These  plates  are  at  first  large  and 
closely  disposed,  but  become  further  apart  from  each  other 
where  the  bronchial  tubes  send  off  branches,  becoming  pro- 
gressively smaller  and  smaller,  till  at  length  they  disappear  from 
bronchia  below  in  diameter.  This  is  certainly  the  rule;  but 
Gerlach  believes  he  has  seen  them  upon  bronchia  in  dia- 
meter. These  cartilages  are  not  unfrequently  reddish,  and  their 
structure,  at  first,  exactly  resembles  that  of  the  tracheal  rings;  as 
the  cartilages  become  smaller,  the  differences  between  the  super- 
ficial and  deeper  cells  disappear,  and  the  tissue  becomes  alike 
throughout,  and  resembles  the  interior  portion  of  the  larger  car- 
tilages. The  muscular  fibres  are  observed  in  bronchia  of  all  sizes, 
forming  flat  fasciculi,  which  completely  encircle  the  tube,  and  form 
a  perfectly  unbroken  layer;  in  very  old  people,  however,  spaces 
are  found  to  exist  between  the  fibres.  These  muscular  fibres  have 
been  observed  upon  branches  to  in  diameter,  and,  there- 
fore, probably  occur  even  up  to  the  pulmonary  lobules. — Intimately 
connected  with  the  muscular  coat  is  the  mucous  membrane,  which, 
at  first,  has  the  same  thickness  as  in  the  trachea;  but  this,  like 
the  other  component  coats,  gradually  becomes  attenuated,  so  that 
bronchia  below  half  a  line  in  diameter  have  altogether  only  a  very 
thin  wall.  At  its  attached  surface,  this  membrane  is  composed 
throughout  of  elastic  longitudinal  fibres,  whose  bundles  give  to 
the  inner  surface  of  the  bronchi  the  characteristic  longitudinally 
striped  appearance,  and  also  give  rise  to  a  longitudinal  folding  of 
the  mucous  membrane  more  or  less  distinct.  Secondly,  there  is  a 
homogeneous  layer,  0-002'"  to  0-003'"  in  thickness,  on  which  is 
situated,  thirdly,  the  ciliated  epithelium.  This  epithelium  in  the 
larger  bronchia,  as  far  as  those  of  i'"  in  diameter,  is  composed  of 
several  layers,  but  gradually  becomes  reduced  to  a  single  layer  of  cili- 
ated cells,  o-oo6"'inlength(fig.  8,  p.  36) —The  bronchial  tubes  possess, 
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at  first,  numerous  racemose  glands,  wMcb,  however,  disappear  upon 
canals  of  i'"  to  ij'"  in  diameter,  although  Remah  says  he  has  seen 
them  in  the  walls  of  the  finest  bronchia  just  before  they  enter  the 
ultimate  lobules. 

Pulmonary  Vesicles.— in  these  we  may  demonstrate  the  existence 
of  two  layers,  the  one  fibrous,  the  other  epithelial ;  and  T  am  not 
prepared  to  admit  that  there  are  any  other  coats  than  these.  The 
fibrous  coat  is  obviously  continued  from  the  bronchia,  and  consists 
of  the  mucous  membrane,  which  has  become  very  thin  and  con- 
joined with  the  fibrous  layer.  This  coat  is  completely  destitute  of 
Fig,  160.  smooth  muscular  fibres,  and 

consists  of  a  homogeneous 
stratum  of  connective  tissue, 
together  with  elastic  fibres 
and  numerous  vessels.  The 
elastic  fibres    (0-0005"'  to 
0'002"')   appear  chiefly  in 
the  form  of  separate  trabe- 
culse  and  stripes,  coursing 
upon  the  borders  of  air- 
cells  and  around  their  open- 
ings;  they  anastomose  in 
all    directions    with  each 
other,  and  they  form  a  firm 
framework,  between  which 
the  softer  vascular  parts  of  the  alveoli  are  stretched.    These  elastic 
trabeculse  are  generally  composed  of  yellow  fibres,  arranged  as 
closely  as  possible,  the  meshes  of  the  network  appearing  only  as 
very  narrow  fissures,  so  that  it  is  difficult  to  recognise  the  nature 
of  the  tissue  we  are  observing ;  but  sometimes  the  fibres  are  more 
loosely  connected,  and  then  their  elements  are  distinct.  The 
trabecule  meet  and  coalesce  with  each  other  around  the  pulmonary 
vesicles,  so  that  the  boundaries  of  the  separate  air-cells  are  rarely 
to  be  distinguished.    A  few  elastic  fibres  of  the  finer  kind  also 
proceed  from  the  trabeculte  into  the  remaining  walls  of  the  pul- 
monary vesicles,  and  become  connected  therein  to  form  a  wide 
network.    The  connective  tissue  of  the  air-cells,  which  appears  per- 
fectly homogeneous,  gives  place  to  the  elastic  elements  and  vessels, 
where  these  are  in  large  quantity,  and  comes  to  view,  so  to  speak, 
only  in  the  walls  of  the  alveoli,  between  the  elastic  trabeculse, 
serving  to  connect  the  numerous  capillaries. 

The  epithelium  of  the  pulmonary  vesicles  is  an  ordinary  pave- 


A  human  pulmonary  vesicle,  with  the  parts  ad- 
joining; magnified  350  times,  a.  Epithelium,  b. 
Elastic  traheculsB.  c.  More  delicate  walls  between 
the  traheculse,  with  fine  elastic  fibres. 
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ment-epitlieimm  witlioiit  cilia,  ^liich  forms  a  single  layer,  and 
rests  immediately  on  the  fibrous  coat.  Its  cells  measure  0-005'" 
to  0-007"'  diameter,  and  0-003'"  to  0-004"'  in  thickness ;  they 
are  pale,  granular,  and  polygonal,  in  disease  sometimes  containing 
fat-granules.  A  regular  desquamation  of  this  epithelium  has  been 
stated  to  take  place  by  some  authors,  but  ^vith  as  little  evidence 
here  as  in  the  trachea  and  bronchi.  It  is  true,  that  single  cells  o{ 
this  epithelium  may  become  mingled  Tvith  the  bronchial  mucus, 
whether  by  accident  or  by  disease,  and,  after  death,  the  epithelium 
of  the  air-cells  in  man  is  frequently  found  free  inside  the  air-cells 
and  in  the  finest  bronchia ;  but  the  epithelium  may  be  observed  in 
situ  in  some  alveoli  in  almost  every  human  lung,  while,  in  newly 
killed  animals,  there  is  not  the  slightest  difficulty  in  obser-v^ng  this 
membrane  in  its  normal  position. 

The  interlobular  connective  tissue  of  the  lung  is  scanty,  even  be- 
tween the  secondary  lobules,  and  between  the  primary  or  ultimate 
lobules  it  exists  in  exceedingly  small  quantity.  It  consists  of  ordi- 
nary connective  tissue  with  fine  elastic  fibres,  and  contains,  in  the 
adult,  more  or  less  of  a  blackish  pigme^it,  in  the  form  of  small 
granules,  disposed  irregularly  and  in  masses ;  crystals  of  pigment 
may  also  be  found,  and  these  are  never  included  in  cells.  The  walls 
of  the  alveoli  themselves  also  very  frequently  contain  this  pigment, 
which,  when  it  is  deposited  regularly  and  in  small  quantities,  allows 
the  contours  of  the  secondary  lobules,  and  frequently  even  those 
of  the  primary,  to  stand  out  very  beautifully. 

The  existence  of  an  epithelium  in  the  air-cells  has  recently  been  disputed 
by  Rainey,  as  well  as  by  Mandl  {2Iicr.  Anat ,  ii.  p.  327),  and  Ecker.  On  the 
other  hand,  Raddyffe  Hall,  and  Brittan  have  -observed  it  in  reptiles,  mam- 
malian animals,  and  in  man  ;  Black  {jlonthly  Journal,  1853,  p.  2)  and  Williams 
also  confirm  its  existence  in  man. 

§  178.  Vessels  and  Nerves  of  the  Lungs. — The  lungs  stand  quite 
by  themselves  in  the  disposition  of  their  blood-vessels,  possessing 
two  complete  systems  of  vessels  which  are,  for  the  most  part, 
wholly  distinct  from  each  other.  They  are,  the  system  of  the 
bronchial  vessels,  for  the  nourishment  of  certain  parts  of  their 
structure,  and  the  system  of  ]julmonary  vessels,  for  the  performance 
of  the  special  functions  of  the  organs.  The  branches  of  the  pul- 
monary artery  generally  follow  the  bronchia,  and  lie  above  and  in 
front  of  these  tubes.  They  also  divide  in  a  dichotomous  manner, 
but  more  frequently  than  the  bronchia,  and  they  therefore  diminish 
more  rapidly  in  calibre.    At  length,  arrived  at  the  secondary 
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Fig.  161. 


pulmonary  lobules,  a  branch  is  given  off  for  the  supply  of  each; 
this  divides  into  still  finer  twigs,  which  usually  correspond  m 
number  to  the  smallest  lobules,  and  thus  at  last  the  separate  air- 
cells  are  supplied.    The  course  of  these  finest  lobular  ^  arteries, 
as  they  are  called,  can  be  very  readily  traced  in  a  preparation 
which  has  been  injected,  inflated,  and  dried.    Where  these  vessels 
extend  into  the  tissue  uniting  the  lobules  [infundihula) ,  they  are 
seen  to  supply  not  one  lobule  only,  but  always  two  or  three  lobules 
with  fine  twigs.    These  penetrate  inwards,  upon  and  between  the 
air-vesicles,  divide  several  times  during  their  course  among  the 
thick  elastic  trabecul^e,  and  occasionally 
also  join  each  other,  or  unite  with  twigs  of 
adjacent  vessels,  though  not  in  any  regular 
manner.    Lastly,  the  lobular  arteries  break 
up  into  the  capillary  network  of  the  pul- 
monary vesicles.    In  a  moist  preparation 
the  meshes  are  seen  to  be  roundish  or 
oblong,  and  only  o'ooz'"   to   o'OoS'''  in 
width,  w^hile  the  vessels  are  0*003"' 
o-oos'"  in  diameter;   and  the  plexus  is, 
therefore,  one  of  the  closest  which  occur 
in  the  human  body.    The  network  of  ca- 
pillaries runs  through  the  fibrous  tissue  in 
the  walls  of  the  air-cells,  and  is  removed 
about  0-00 1'"  from  the  epithelium;  it  ex- 
tends continuously  over  all  the  alveoli  of 
an  ultimate  lobule,  and  is  partially  con- 
nected, also,  at  least  in  the  adult,  with  the  plexus  on  neighbouring 
lobules.    The  pulmonary  veins  arise  from  the  above-mentioned 
capillary  network  bv  means  of  roots,  which  lie  exteriml  to  the 
arteries  upon  the  smallest  lobules;  they  run  between  the  latter, 
and  join  with  other  lobular  veins  to  form  larger  trunks,  which 
extend  through  the  pulmonary  parenchyma,  partly  with  the  ar- 
teries  and  bronchia,  and  partlv  isolated  from  them. 

The  bronchial  arteries  are  distributed,  firstly,  to  the  larger 
bronchial  tubes,  whose  vessels  present  the  same  conditions  as  in 
the  trachea;  secondly,  upon  the  pulmonary  veins  and  arteries,  the 
latter  of  which  more  especially  possess  an  extremely  rich  vascular 
network,  which  can  be  traced  upon  branches  of  f  and  less  m 
diameter;  lastly,  to  the  pulmonary  pleura,  the  twigs  for  which  go 
off  partly  at  the  hilus  and  in  the  fissures  between  the  main  lobes, 
partly  arise  between  the  secondary  lobules  from  the  vessels  accom- 


Capillary  network  of  the 
pulmoTiaiy  vesicles  of  man. 
Magnified  60  times. 
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panying  the  bronehia.  Small  independent  vessels,  ^x\nch  do  not 
arise  from  the  bronchial  arteries,  may  also  be  traced  along  the 
pulmonary  ligaments  to  the  pleura. 

The  lymphatics  of  the  lung  are  very  numerous.    The  superficial 
ones  run  in  the  subserous  connective  tissue,  in  the  interspaces  of  the 
larger  and  smaller  lobules,  and  form  a  network,  of  which  the  super- 
ficial meshes  are  finer;  and  the  deeper,  coarser  and  angular,  ihis 
plexus  covers  the  whole  surface  of  the  lung,  and  discharges  itself 
by  means  of  special  superficial  trunks,  which  converge  to  the  root 
of  the  lung,  following  the  course  of  the  blood-vessels;  and  the 
superficial  plexus  has  also  a  connexion  with  the  deeper  vessels  by 
means  of  numerous  trunklcts,  which  pass  inwards  between  the 
lobules.    These  deeper  lymphatics  arise  from  the  walls  ot  the 
bronchia  and  blood-vessels,  especially  those  of  the  pulmonary 
arteries,  and  run  with  these  canals  through  the  pulmonary  sub- 
stance, and  through  some  small  lymphatic  glands  (glandule  pul- 
monales), to  the  root  of  the  lung,  where  they  jom  the  larger 
bronchial  glands. 

The  nerves  of  the  lungs  arise  from  the  vagus  and  sympathetic, 
form  the  small  anterior  and  the  large  posterior  pulmonary  plexuses, 
and  are  especially  distributed  with  the  bronchia  and  the  pulmonary 
artery,  although  here  and  there  they  also  accompany  the  pulmonary 
veins  and  the  bronchial  vessels.  They  are  furnished  with  micro- 
scopic gangha  in  the  interior  of  the  lung,  and  can  be  followed  to 
near  the  terminations  of  the  bronchial  tubes. 

It  is  worthy  of  observation,  that  in  addition  to  the  air-vesicles,  some  other 
parts  in  the  lungs  are  supplied  by  the  pulmonary  vessels,  viz.,  the  surface  of 
the  lung  and  the/ner  hronchia.  With  regard  to  the  former,  there  are  seen  at 
different  places,  upon  an  uninfected  lung,  small  branches  of  the  pulmonary 
artery  passing  to  the  surface  of  the  lung,  and  ramifying  beneath  the  pleura 
Reisseisen  (p.  17)  describes  these  vessels,  and  gives  very  beautiful  drawings  of 
them  (tab  iv.  v.)  ;  and  recently,  Adriam  has  followed  them  m  mjected  lungs, 
and  states  that  they  describe  a  tortuous  course  and  frequently  anastomose, 
being  here  considerably  thicker,  and  forming  wider  networks  than  the  vessels 
of  the  alveoli    The  blood  of  these  networks  is  drawn  off  by  superficial  roots 
of  the  pulmonary  veins  on  the  one  hand,  and  on  the  other  hand,  by  anasto- 
moses with  the  expansion  of  the  bronchial  vessels  on  the  pulmonary  pleura. 
That  the  pulmonary  arteries  also  supply  the  bronchia  in  part,  had  been  aheady 
mentioned  by  Arnold  {Anat.'n.  171) and  we  are  indebted  to  Adriani  for 
more  particular  information  on  this  interesting  subject.    According  to  him, 
the  pulmonary  arteries  and  the  pulmonary  veins  are  the  vessels  chiefly  con- 
cerned in  the  formation  of  the  capillary  network  on  the  surface  of  the  bronchia. 
This  plexus  is  distinguished  by  the  elongated  form  of  its  meshes,  while  its 
vessels  are  almost  as  narrow  as  on  the  air-cells,  measuring  in  man  o-ooV"  to 
o-oo6"'  in  diameter.    The  bronchial  vessels  in  this  situation  appear  to  supply 
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more  especially  the  muscular  and  fibrous  coats  of  tliese  canals.  As  may  be 
easily  understood,  the  two  systems  of  vessels  have  here  a  certain  connection 
between  each  other,  and,  accordingly,  the  older  anatomists,  as  Haller,  Söm- 
onering,  and  Reisseisen,  are  quite  right  when  they  speak  of  a  connection 
between  the  two  systems  of  vessels.  i\ccording  to  Adriani  and  Rossignol, 
the  bronchial  arteries  and  veins  can  be  injected  from  the  pulmonary  veins, 
and  vice  versa,  the  pulmonary  veins  from  the  bronchial  arteries,  although  the 
bronchial  vessels  cannot  be  injected  from  the  pulmonary  arteries. 

Supported  by  these  facts,  we  are  justified  in  ascribing  to  the  finest  bronchia 
a  share  in  the  process  of  exchange  of  gases  in  respiration,  although,  on 
account  of  the  somewhat  greater  thickness  of  the  epithelium,  and  the  some- 
what wider  capillary  network  of  the  fine  air-tubes,  their  share  must  be  inferior 
to  that  of  the  pulmonary  vesicles.  We  may  also  make  mention  here  of  the 
enlargement  of  the  bronchial  arteries,  and  of  the  extension  of  their  region 
of  distribution  in  cases  of  disturbance  of  the  circulation  in  the  pulmonary 
arteries  (compare  Virchow,  in  his  Archiv.,  iii.  3,  p.  456).  Here  the  bronchial 
arteries  frequently  replace  whole  branches  of  the  pulmonary  arteries,  and 
become  actual  res]3iratory  vessels  ;  conditions  which  are  readily  explained  by 
the  occurrence  of  numerous  normal  anastomoses  between  the  two  systems  of 
vessels.  Very  recently.  Beau  has  maintained  that  the  pulmonary  arteries 
supply  the  mucous  membranes^  of  all  the  bronchial  tubes,  even  up  to  the 
trachea. 

§  179.  Development  of  the  Lungs. — In  mammalia^  the  lungs 
appear  somewhat  after  the  liver,  as  two  hollow  protrusions  of  the 
anterior  pharyngeal  wall^  situated  close  to  each  other.  They  soon 
become  furnished  with  a  common  pedicle  —  the  rudiment  of  the 
larynx  and  trachea  —  in  the  construction  of  vv  hich  the  epithelial 
lining  and  the  fibrous  coat  of  the  pharynx  are  equally  concerned. 
Developing  further^  the  terminations  of  the  two  primitive  pro- 
trusions give  out  a  number  of  processes,  which  constantly  increase 
by  ramification,  and  difier  from  those  observed  in  most  other 
glands,  in  being  always  hollow  from  their  commencement  onwards. 
In  the  sixth  month,  the  pulmonary  vesicles  develop  from  the 
dilated,  club-shaped  extremities  of  these  processes.  During  the 
growth  of  the  gland-elements,  the  inner  epithelial  layer  extends 
itself  by  independent  multiplication  of  its  cylindrical  cells  (probably 
by  a  process  of  partition) ;  whilst  at  the  same  time,  the  surrounding 
fibrous  layer  continues  also  to  grow  independently,  and  this  layer 
eventually  gives  rise  to  the  fibrous  coats  of  the  bronchia  and  air- 
cells,  together  with  the  vessels  and  nerves.  In  the  human  embryo, 
the  large  pulmonary  lobules  are  formed  in  the  second  month,  and 
besides  these,  sm^aller  segments  may  be  distinguished  (0*16'''  in 
size),  which  arise  from  the  extremities  of  bronchia,  after  these  have 
become  already  considerably  ramified.  To  these  segments  I  have 
given  the  name  of  gland-granules  (in  Ecker,  Icon.  Fliys.,  tab.  x., 
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fio-  7)     In  tlie  growth  of  the  foetus,  these  granules  become  moi^e 
and  more  numerous  with  the  multiplication  of  the  bronchial  rami- 
fications; and  in  the  fifth  month  they  touch  each  other,  and  form 
small  lobules,  of  0-2^  to  0-48'''  in  diameter,  each  of  w  uch  has 
probably  arisen  from  a  single  gland-granule,  or  bronchial  termin- 
ation of  the  second  month.    These  small  lobules  at  first  corre- 
spond to  the  secondary  lobules  of  the  perfect  lung ;  the  primary  or 
ultimate  lobules  with  the  air-vesicles  themselves  are  produced  by  a 
process  of  budding  from  the  gland-granule.    The  ultimate  alveo  1 
are  first  seen  in  the  sixth  month  of  foetal  life,  and  new  alveoli 
are  continually  being  added  up  to  the  period  of  birth  (see  my 
Micr.  AnaU  n-  2,  p.  S^S)-         newly-born  infants,  the  secondary 
lobules  measure  i!" ,  f  to  4\  and  the  alveoli  0-03  ,  before  they 
are  filled  with  air;  after  the  first  inspiration,  they  increase  to 
o-o^<"  o'o4"  to  o-o6'"  in  diameter.    The  alveoli  appear  to  be  ot 
the  same  number  in  the  infant  as  the  adult,  and  the  further  en- 
largement  of  the  lungs  seems  to  take  place  only  by  the  progressive 
growth  of  all  their  parts. 

The  investigation  of  the  lungs  should  present  difficulty  only  with  regard  to 
one  point,  viz,  the  relation  of  the  pulmonary  cells  to  the  termination  of  the 
bronchia  ;  but  the  difficulties  here  are  really  very  considerable.  In  fresn  pre- 
parations, the  air-cells  are  seen  to  communicate  very  freely,  and  they  are 
found  at  the  ends  of  the  bronchia  in  lateral  groups,  and  not  termmally  only. 
If  it  be  desired  to  investigate  the  relation  thoroughly,  we  make  use  of  lungs 
inflated  and  dried  (it  is  better  to  tie  off  one  end  of  an  inflated  lung  and  dry 
it  separately).  Preparations  formed  by  corrosion  after  injection,  or  lungs 
iniected  with  a  colourless  material  (as  wax  and  turpentine),  must  also  be 
examined  ;  and  in  all  these  ways  together,  we  shall  arrive  at  some  definite 

result.  - 

Before  injecting  the  bronchi,  the  air  must  be  drawn  out  by  an  air-pump,  or 
a  wen-acting  syringe  maybe  employed, although  less  adapted  for ;^is  purpose 
The  injection  of  the  blood-vessels  is  not  attended  with  any  difficulty ;  and 
moist  preparations,  injected  partly  with  some  opaque  substance,  partly  with 
transparent  materials  (the  process  of  Schröder  and  Eartincf),  such  as  Prussian 
blue,  are  to  be  preferred  to  dried  preparations.  The  air-cells  themselves,  the 
bronchi,  the  larynx,  and  trachea,  can  be  easily  examined.  The  epithehum  of 
the  pulmonary  vesicles,  and  also  cihated  cells,  are  obtained  isolated  m  large 
quantities  in  every  section  through  the  lung.  If  it  be  desired  to  study  the 
alveoh,  the  air  must  previously  be  carefully  removed.  They  are  most  beau- 
tiful in  man,  in  whom,  also,  all  the  other  parts,  as  the  cartilages,  elastic 
elements,  muscular  fibres,  and  glands,  are  readily  accessible. 

Literature.— yL.  Malpighi,  Be  Pulmonihus  Epistolce  II  ad  Borellum,  Bonon., 
1 66 1  F.  D.  Reisseisen,  Ueher  den  Bau  der  Lungen  Eine  gehrönte  Preisschrift, 
Berlin  1822.  J.  Moleschott,  De  Malpighia7iis  Pidmonum  Vesictdis,  Heidelb., 
1845  i)iss.,aud  üeber  die  letzten  Endigimgen  der  feinsten  Bronchien,  inüiQ  Hol- 
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lium  Aeriferorum,  c.  tab.,  Dorpati  Li  v.,  1850,  Diss.  Kostlin,  in  Tiihing.  Arch., 
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Of  the  Thyroid  Gland. 

§  180.  The  thyroid  gland  is  one  of  the  so-called  'ductless 
glands,^  and  bears  in  its  external  appearance  a  considerable  resem- 
blance to  the  racemose  glands.  Its  gland-vesicles  are  round  shut 
sacs,  measuring  from  o'Oi!"  to  O'os''',  which  are  held  together  in 
lobules  by  a  fibrous  stroma.  The  lobules  thus  formed,  the  gland- 
granules  of  some  authors,  are  roundish  or  oval,  or  somewhat  poly- 
gonal, and  measure  to  ^" .  These  elements  unite  into  larger 
lobes,  and  these  again  congregate  into  still  larger  divisions,  which 
are  seen  on  the  surface  of  the  organ.  These  divisions  are  bounded 
by  a  special  envelope  of  some  thickness,  which  is  connected  with  a 
fibrous  coat  enclosing  the  whole  gland. 

With  reference  to  its  intimate  structure,  there  is  not  much  to 
be  said  about  the  fibrous  tissue,  or  stroma  of  the  thyroid,  for  it 
consists  of  ordinary  interwoven  bundles  of  connective  tissue,  min- 
gled with  fine  elastic  fibres.  A  certain  number  of  fat-cells  are  also 
found  upon  the  surface.  The  gland-vesicles  themselves  present 
such  an  inconstant  structure  in  the  human  thyroid,  that  it  is  not 
easy  to  say  what  is  properly  normal.  According  to  my  own  obser- 
vations in  man  and  in  the  lower  animals,  they  appear  to  consist 
of  a  memhrana  propria,  an  epithelium,  and  fluid  contents,  like 
the  true  gland- vesicles,  of  the  mucous  glands  for  instance.  The 
membrane  is  quite  homogeneous,  clear,  and  delicate,  o'oooS'''  in 
thickness ;  like  all  such  membranes,  it  swells  up  and  comes  out 
more  distinctly  on  the  addition  of  caustic  alkalies.  Upon  the 
inner  side  of  the  membrane  is  situated  a  simple  layer  of  epithelium, 
composed  of  polygonal,  finely  granular,  clear  cells,  of  0*004 to 
0*006'''  in  diameter,  with  simple  nuclei.    The  cavity  enclosed  by 
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these  cells  is  filled  with  a  clear,  somewhat  yeUowish  viscid  fluid, 
whose  behavioiir  with  alcohol  and  nitric  acid,  or  on  the  apphcation 
of  heat,  clearly  shows  the  ^« 
presence  of  a  large  quantity  j^^^^ 
of  albumen.     Such,  then,  ^ 
are  the  contents   of  the  - 
gland-vesicles  in  the  healthy  ^ 
humau  thyroid,  particularly  ~^ 
in  that  of  children  ;  but  let   /  .  <irT 

the  organ  be  but  a  little 
altered,  and  numerous  other  < 
conditions  make  their  ap- 
pearance. Very  frequently 
there  is  found,  instead  of  a  ^ 
regular  epithelium,  nothiug 
but  a  fluid  minded  with 
small  clear  and  dark  gra-  ^d-Tesides  ftwn  fte  thyroid  fUnd  of  a 

nules    and    free  nucleL 
However,  it  is  verv  possible  cpitiieiinm. 

this  peculiarity  of  the  contents  is  the  result  of  post  mortem  change, 
rather  than  of  disease;  for  a  transitional  state  may  be  observed 
where  epithelial  cells,  bleached  and  half  dissolved,  are  found  free 
in  the  interior  of  the  vesicles.  On  the  other  hand,  we  meet  with 
a  condition  which  is,  beyond  doubt,  pathological,  com 
transformation  of  the  thyroid  and  its  vesicles  into 
stages  of  this  degeneration,  however,  are  so  conii 
writers  have  described  Bg.  les. 

it  among  the  physio- 

logical     appearances.  w 
The  change  consir^ts  in 
the    development    of  „  "^Z^ 

colloid    substance    in  "'f'/ 
the  interior  of  enla]^ed 
gland -vesicles.      The      /  ^ 
coUoid    itself    forms      (  — 
transparent  amorphous     ^  ^  .-^  ^ 

masses,  softish  and  yel-  ^ 
lowish,  like  the  same  ^  -  ;  ^ 

substance    met    with  \ 
elsewhere.     In     the  i 

slighter  grades  of  this        Acini  of  fte  thyroid  with  conoid  snbstomce.   Magnified  50 


isisting:  m  the 


alteration,  the  Tcsicles 


limes. 
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are  only  a  little  enlarged,  up  to  0-05'''  in  diameter,  appearing  upon 
section  as  transparent,  yellowisli-wliite  spots  or  granules  which. 
Ecker  aptly  compares  with  boiled  sago,  the  structure  being  other- 
wise unchanged.  In  the  higher  grades  of  the  disease,  the  vesicles 
containing  the  colloid  substance  become  converted  into  larger 
^ys^^^  iV  to  ^"  in  diameter,  in  which  the  epithelium  is  rarely  any 
longer  distinct,  although  nuclei  and  pale  roundish  cells  (the  latter 
granular  or  filled  with  nuclei)  may  occur  in  the  cysts  along  with 
their  abnormal  contents.  These  cysts  displace  the  stroma  by  their 
growth,  and  enlarge  also  by  partial  absorption  of  the  walls  of  the 
original  vesicles.  Thus,  at  length,  they  coalesce  to  form  still  larger 
sinuous  cavities,  whose  contents  are  frequently  altered  in  various 
ways  by  extravasation,  and  the  metamorphoses  consequent  thereon. 
In  the  lower  mammalia,  and  in  birds  also,  the  thyroid  occasionally 
exhibits  gland-vesicles  slightly  distended  with  colloid  matter. 

The  blood-vessels  of  the  thyroid  are,  it  is  well  known,  dispro- 
portionately numerous,  but  otherwise  they  present,  in  their  coarser 
ramifications,  nothing  worthy  of  remark.  Each  lobule  receives 
some  small  arteries,  which,  breaking  up  into  subordinate  branches, 
are  distributed  in  the  stroma  between  the  vesicles,  and,  at  length, 
form  around  each  of  them  a  beautiful  capillary  network,  resembling 
that  of  the  pulmonary  vesicles,  but  with  wider  meshes.  The  vessels 
of  the  network  measure  o'003'''  to  0*005''"  i^i  diameter,  and  the 
interspaces,  which  are  roundish,  angular,  or  elongated,  measure 
from  o'OoS'"  to  0'0i6'''.  The  veins  arising  from  this  network  only 
partly  follow  the  course  of  the  arteries,  and  they  exceed  the  latter 
in  number.  Lymijhatics  also  occur  in  considerable  numbers  in  the 
thyroid,  but  their  relations  in  the  interior  are  unknown.  Finally, 
the  nerves  are  scanty,  and  are  only  those  which  belong  to  the 
vessels ;  they  come  from  the  cervical  part  of  the  sympathetic. 

Besides  the  degeneration  of  the  glandular  elements,  which  has  been  de- 
scribed, there  is  another  kind  of  pathological  change  frequently  observed, 
which  results  in  the  production  of  vascular  bronchocele.  Here,  in  addition 
to  a  hypersemic  condition,  numerous  aneurismal  enlargements  are  found  on 
small  vessels  of  0-03'"  to  o-o^"  in  diameter,  which  are  regarded  by  Ecker  as 
arteries  or  coarse  capillaries.  By  the  bursting  of  such  enlargements,  there 
subsequently  arise  apopletic  cysts  of  different  sizes.  These  cysts  and  their 
contained  blood  may  then  undergo  a  variety  of  metamorphoses,  new  effusions 
and  exudations  being  added,  and  normal  tissue  becoming  also  implicated.  In 
the  vascular  bronchocele,  Ecker  frequently  found  also  a  calcification  of  the 
walls  of  the  smaller  vessels,  numerous  calcareous  granules  dotting  their 
surface,  or,  in  a  more  advanced  stage,  obliterating  their  calibre  altogether,  so 
that  they  appeared  like  white  concretions  ;  this  took  place  alike  in  the  dilated 
vessels  and  in  those  of  normal  size.    In  a  certain  form  of  goitre,  Rokitansky 
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describes  a  hypertrophy  of  the  thyroid  by  multiphcation  of  the  normal 
elements  of  the  gland,  new  vesicles  arising  partly  independently,  partly  by 
internal  ^rovdh.  from  the  walls  of  enlarged  vesicles. 

Accordincr  to  Eemak,  the  thyroid  body  is  developed  by  the  separation  of  a 
part  of  the°  anterior  waU  bv  the  gullet,  and  division  of  this  mto  two  halves 
In  a  human  embrvo  at  the  third  month,  I  found  the  thyroid  already  composed 
of  isolated  vesicles,  o-oi6"'  to  0-05'"  in  diameter,  which  consisted  of  a  homo- 
geneous envelope,  including  roundish  or  angular  cells.  I  think  that  I  have 
seen  these  follicles  multiply  by  sending  out  roundish  processes,  which  after- 
wards separate.  K  this  be  reaUy  the  case,  the  whole  process  of  formation  of 
the  thyroid  may,  perhaps,  be  regarded  as  a  continued  growth  and  division  of 
the  folHcles  ;  the  division  of  its  primitive  vascular  rudiment,  as  obseiwed  by 
Berar'l-  bein-  only  the  first  phase  of  it.  In  this  way,  a  certain  resemblance 
to  the  thymus  would  also  be  established,  only  that  in  the  thymus  the  two 
first  ruchmentarv  processes,  as  weU  as  subsequent  ones,  become  severed  from 
each  other,  and^  only  retain  a  slight  connection.  According  to  the  above 
view,  the  foUicles  of  the  thvroid  are  not  enlarged  ceUs,  still  less  are  they 
metamorphosed  nuclei  {Rokitanshy),  but  they  have  the  value  of  true  gland- 
follicles. 

In  the  investigatioa  of  the  vesicles  of  the  thp'oid,  the  organ  should  be 
examined  in  children,  and  in  the  lower  animals,  in  birds  and  amphibia  espe- 
ciallv.  Sections  made  with  the  double  knife  are  best  adapted  for  the  study 
of  the  disposition  of  the  vessels,  and  of  their  relation  to  each  other  ;  but  this 
object  may  also  be  attained  by  carefully  teasing  out  the  parts  under  the 
microscope.  The  vessels  may  be  very  easily  and  completely  mjected  m 
children.  The  network  of  capillaries  around  the  vesicles  is  best  seen  m 
sections  near  the  surface, 
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Ejxret.  Carerdium.  Struct.,  BeroL,  1841,  Diss.  Pa2sA&iotides,  De  GlanduL 
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p.  123  ;  and  Aii:icle  Blutgefüssdrüsen,  in  Wagxtir's  Handw.  d.  Physiol.,m.. 
RoKiTAXäKT.  in  Zeitschrift  d.  Wi.n^.r  Aertze,  1847  5  and  On  the  Anatomy  of 
Goitre,  in  Denkschriften  der  Kaistrl.  Alad.  zu  Wien,  bd.  i.,  Wien,  1849.  E.  R. 
LE  Gexdre,  De  la  Thyroide,  these,  Paris,  1852.  Kohlrausch,  in  Müll.,  Arch. 
1853,  p.  142. 

Of  the  Thymus. 
§  181.  The  thymus  is  another  of  the  so-caUecl  ^  vasciüar  glands.^ 
It  is  a  double,  elongated  organ,  flattened  and  broader  inferiorly,  and 
is  enveloped  and  connected  Tvith  neighbouring  parts  by  loose  con- 
nective tissue.  Even  on  superficial  examination,  we  may  see  larger 
lobules,  averaging  from  2'"  to  5"'  in  size,  and  having  a  roundish, 
oblong,  or  pyriform  shape,  mostly  compressed  against  each  other. 
These^lobes  are  only  connected  by  yielding  connective  tissue,  and  can 
be  separated  without  difficulty.  Tracing  the  lobes  to  their  inner 
attachment,  they  are  all  found  to  be  attached  singly  to  a  common 
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stalk,  in  tlie  interior  of  wliicli  is  a  canal.  This  duct  runs  through 
the  middle  of  the  gland,  and  usually  presents  an  irregularly  spiral 
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arrangement;  its  diameter  is  to  i^'".  On 
opening  the  canal,  we  find  upon  its  inner  sur- 
face a  great  number  of  oblong  or  fissm-e-shaped 
openings,  each  of  which  leads  into  a  lobule, 
and  constitutes  the  outlet  of  a  cavity  in  the 
latter.  This  '  thymus-canal/  with  the  lobules 
opening  into  it,  presents  an  obvious  resemblance 
to  the  excretory  duct  and  the  lobules  of  a  true 
gland;  and  the  similarity  is  increased  by  the 
circumstance,  that  the  lobules  consist  of  smaller 
subdivisions,  which  are  likewise  hollow,  and 
then,  again,  of  roundish  bodies  (4-'"  to  ^'"),  the 
gland-granules  (or  acini  of  authors),  which  are 
the  analogues  of  gland-vesicles  of  true  glands. 
These  elements  may  be  recognised  externally 
upon  the  lobules,  and,  by  their  polygonal  form, 
they  give  to  the  surface  a  beautiful  mosaic- 
work  appearance,  resembling  that  of  the  lungs. 
These  gland- granules,  however,  are  solid  bodies, 
and  are  not  vesicular,  like  the  air-cells  of  the 
lungs,  although,  otherwise,  their  affinities  are 
with  these  rather  than  with  any  other  true 
glandular  element.  These  gland-granules  are 
intimately  united  together  immediately  around 
the  canity  of  the  lobule,  but  on  its  smface  they 
are  separated  from  each  other.  Thus  each 
lobule  may  be  considered  as  a  thick-walled 
vesicle  furnished  with  dilatations,  the  inner 
surface  of  which  is  even  and  undivided,  whilst 
the  outer  is  separated  by  fissures,  more  or 
less  deep,  into  the  above-mentioned  gland-granules. 

In  many  cases,  a  deviation  from  the  conditions  just  described  is 
met  with,  when  the  thymus,  instead  of  a  narrow  canal,  into  which 
the  cavities  of  the  lobules  open,  contains  an  actual  elongated 
cavity,  to  i'"  in  breadth,  with  which  the  lobules  communicate 
by  large  fissure-shaped  openings.  Many  anatomists,  and,  among 
the  modern,  Ä.  Cooper  especially,  regard  the  presence  of  the  cavity 
as  normal;  whilst  others,  with  Simon  at  their  head,  are  inclined 
to  xiew  it  as  produced  by  the  manner  in  which  the  gland  is  exa- 
mined (injection,  or  bio  wing-in  of  air).    For  my  own  part,  I  must 
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A  piece  of  the  thrmus 
of  the  calf,  spread  out. 
a.  Chief  canal,  b.  Lo- 
bules, c.  Isolated  gland- 
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the  principal  canal.  Xa- 
tural  size. 
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concur  with  Simon,  to  the  extent  of  asserting  that  the  injection,  or 
blowing-up  of  such  a  delicate  structure  as  the  thymus,  must  lead 
to  error,  if  not  performed  with  the  greatest  precaution;  and  I  am 
further  convinced,  that  many  of  the  so-called  '  reservoirs'  observed 
in  the  thymus  have  been  made  artificially  only.  Nevertheless  I 
am  of  opinion  that  thymus  glands  really  occur  which,  during  life, 
contain  a  large  central  cavity,  since  I  have  seen  such  a  cavity  m 
cases  where  no  kind  of  preparation  or  injection  was  practised,  and 
here  it  has  extended  through  the  whole  thymus,  or  only  through 
separate  sections  of  it.  I  hold  the  occurrence  of  a  narrow  central 
canal  to  be  the  normal  and  usual  condition;  but  I  beheve  that,  in 
certain  cases,  it  may  become  dilated  by  a  more  abundant  formation 
of  the  secretion,  and  ultimately  be  converted  into  a  large  cavity. 

In  a  very  meritorious  work  on  the  structure  of  the  thymus, 
Jendrassik  has  advanced  the  doctrine  that  it  is  originally  made  up 
of  isolated  lobules,  which  only  become  conjoined  subsequently  and 
in  particular  cases.  But  by  an  examination  of  the  thymus  of  mam- 
malia, especially  of  the  calf,  this  view  may  be  shown  to  be  wholly 
nntenable;  and  the  study  of  the  development  of  the  gland  is  also 
fatal  to  such  a  supposition.  Such  investigations  will  demonstrate 
readily  and  conclusively  the  exist-  Fig.ies. 
ence  of  a  single  branching  central 
cavity,  such  as  I  have  described  (see 
also  my  Micr.Anat.,  ii.  2,  fig.  294). 

§  182.  Intimate  Structure  of  the 
Thymus.  —  The  connective  tissue 
which  envelopes  the  thymus  has  the 
same  characters  as  elsewhere;  it 
contains  fine  elastic  fibres,  and  fre- 
quently interspersed  fat-cells.  If  it 
be  removed  from  a  lobule,  the  outer 
surface,  fissured  between  the  indi- 
vidual acini,  comes  to  view.  By 
strong  magnifying  powers,  there  is 
here  seen  a  very  thin  membrane 
(0-0005'''  to  o-ooi'"  in  thickness), 
indistinctly  striated  or  almost  homo- 
geneous, which  has  been  well  de- 
scribed by  Simon.  This  belongs  to 
an  entire  lobule,  or  even  surrounds 
the  whole  gland  continuously,  and  is  to  be  regarded  m  the  same 


Transverse  section  through  the  apex  of 
an  injected  lobule  of  the  thymus  of  a 
child;  masnitied  30  times,  a.  Envelope 
of  the  lobule,  h.  Membrane  of  the  acini, 
c  Cavity  of  the  lobule,  from  which  the 
large  vessels  ramify  into  the  acini,  and 
partly  terminate  with  loops  upon  the  sur- 
face of  them. 
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category  as  tlie  wall  of  tlie  follicles  of  tlie  Peyerian  patclies^  of  the 
tonsils,,  etc.  Within  this  envelope^  between  it  and  the  cavity  of 
the  lobule,  there  is  situated  a  greyish-white,  soft,  delicate  substance, 
to  ^"  in  thickness,  which,  examined  microscopically,  appears  to 
consist  of  nothing  but  free  nuclei  and  small  cells,  and  hence  has 
hitherto  been  unanimously  regarded  by  all  observers  as  the  secre- 
tion of  the  supposed  gland-vesicles.  This  substance,  however, 
cannot  be  washed  olf,  as  would  be  the  case  if  it  lay  loosely  in  the 
space  surrounded  by  the  delicate  envelope,  but,  rather,  it  presents 
a  considerable  degree  of  toughness  and  resistance.  If  it  be  more 
narrowly  investigated,  it  is  gradually  perceived  that  other  elements 
besides  these,  in  part  of  quite  an  unexpected  kind,  enter  into  its 
composition;  these  are  hlood-vessels,  and  a  small  quantity  of  a 
fibrous  substance  like  connective  tissue,  so  that  we  are  here  pre- 
sented with  a  structure  not  dissimilar  from  that  of  the  contents 
of  the  Peyerian  follicles. 

With  regard  to  the  structure  of  the  walls  of  the  lobules,  the 
chief  mass  is  composed  of  the  foregoing  pseudo-vesicular  elements, 
together  with  a  small  quantity  of  fluid  connecting  them.  The 
constituents  of  these  are,  first,  round  or  flattish  nuclei,  measuring 
0*002'''  to  0'005'",  with  clear,  homogeneous  contents,  and  with 
or  without  nucleoli ;  these  nuclei  are  always  met  with  in  large 
numbers;  by  the  addition  of  caustic  soda,  or  acetic  acid,  their 
contents  become  granular  and  turbid.  Secondly,  cells  are  found ; 
and  I  believe  with  Ecker  and  Jeyidrassik,  in  opposition  to  Simon, 
that  these  are  never  absent.  They  are  of  very  various  sizes 
(0-004'"  to  0  01'"),  and  although  they  vary  in  number,  still  they 
are  always  much  more  scanty  than  the  nuclei.  Their  nuclei  are 
generally  simple  and  distinct,  and  their  contents  are  either  pale  or 
are  composed  of  scattered  fat-granules,  or  else  the  cells  are  destitute 
of  a  nucleus,  and  entirely  filled  with  fat.  This  last  condition 
Ecker  states  he  has  observed  after  the  complete  formation  of  the 
organ.  Through  the  midst  of  these  elements  there  run  a  great 
number  of  larger  and  smaller  blood-vessels.  The  main  vessels 
running  external  to,  but  close  upon  the  central  cavity  in  the  longi- 
tudinal direction  of  the  organ,  give  ofi"  branches  especially  to  the 
central  cavity,  which  penetrate  its  walls,  and  arrive  at  its  inner 
surface.  Here  they  ramify  and  anastomose,  and  form  a  moderately 
dense  network  of  capillaries,  which  are  contained  in  a  delicate  mem- 
brane of  connective  tissue.  From  this  arterial  network  numerous 
vessels  are  distributed  to  the  substance  of  the  lobule,  especially 
from  the  point  where  its  cavity  joins  the  main  canal ;  and  these 
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vessels  run  in  tlie  tissae  of  the  thick  walls  of  the  lobule,  ramifying 
ultimately  on  the  surface  of  the  separate  acini,  where  they  form  a 
very  close  capillary  network,  with  vessels  measuring  0-003'"  to 
0-005''',  and  interstices  of  o^oi'"  to  0-02'".    In  man,  the  expansion 
of  these  vessels  is  situated  so  entirely  in  the  interior  of  the  acini, 
that,  even  when  distended  to  the  utmost,  not  a  single  vessel  is  to 
be  met  with  upon  the  outer  side  of  their  enveloping  membrane, 
but  they  all  terminate  in  loops  close  beneath  it.    Besides  these 
blood-vessels,  a  small  quantity  of  connective  tissue  seems  to  enter 
into  the  composition  of  the  thick  walls  of  the  acini ;  at  least,  there 
is  often  found  in  their  intimate  structure  a  tolerably  distinct  mem- 
brane  supporting  the  larger  vessels,  and  being  analogous  to  that 
which  lines  the  central  cavity.    In  other  cases,  in  animals  espe- 
cially, no  inner  limiting  membrane  can  be  demonstrated,  and  the 
cavities  of  the  lobules  are  directly  bounded  by  the  granular  sub- 
stance uniting  the  vessels,  while  there  is  no  trace  of  any  fibre, 
except  a  few  delicate  strise  between  the  vessels.    In  no  case  do  we 
find  an  epithelium  lining  the  cavities,  and,  accordingly,  no  com- 
parison can  properly  be  made  between  the  innermost  parts  of  their 
walls  and  a  mucous  membrane. 

The  common  cavity,  or  central  canal  of  the  thymus,  has  the  same 
structure  as  the  lobules,  except  that  externally  the  fibrous  layer 
is  thicker,  and  that  internally  we  meet  with  a  thinner  granular 
layer,  with  rather  large  vessels.  In  a  fully  developed  thymus,  the 
central  cavity  contains,  like  all  the  accessory  ones,  a  greyish-white 
or  milky  fluid,  of  slightly  acid  reaction.  This  is  often  found  in 
large  quantity,  and  in  it,  along  with  a  clear  juice  rich  in  albumen, 
there  are  contained  numerous  nuclei,  separate  cells,  and,  under 
certain  circumstances,  concentric  bodies  (see  below).  The  lym- 
phatics of  the  thymus  are  numerous,  and  the  nerves  can  be  readily 
demonstrated  upon  its  arteries,  altliough  they  cannot  be  traced  to 
their  terminations. 

Jendrassik,  who  confirms  my  results  in  most  points,  beheves  that  the 
arteries  spread  out  into  capillaries  immediately  after  their  entrance  into  the 
acini.  He  regards  the  greater  part,  if  not  the  whole,  of  the  vessels  on  the 
wall  of  the  cavity  of  the  lobule  as  of  the  nature  of  veins,  and  I  am  willing  to 
beheve  that  he  may  be  right ;  it  is  certain,  however,  that  vessels,  which  are 
arteries,  do  proceed  from  the  interior  to  the  surface  of  the  acini.  FrieOÄeben 
has  revived  and  confirmed  an  observation  of  RostelU,  according  to  which  the 
blood  of  the  thymic  vein  contains  a  large  quantity  of  the  microscopic  elements 
of  the  gland-juice. 

Besides  the  above-described  normal  elements,  there  are  found,  especially  at 
the  period  of  the  involution  of  the  organ,  other  peculiar  round  structures 
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which  I  will  call,  with  Ecker,  the  concentric  bodies  of  the  thymus.  They 
appear  in  very  various  forms,  which  may,  I  think,  be  conveniently  reduced  to 
two.  The  first  form  consists  of  simple  bodies,  of  o-oo6"'  to  o'oi"  in  size, 
whose  envelope  is  thick  and  concentrically  striated,  while  their  contents, 
ordinarily  granular,  have  sometimes  the  appearance  of  a  nucleus,  sometimes 
of  a  cell.  Secondly,  we  find  compound  bodies,  measuring  up  to  0-04'",  or  even 
o-o8"',  which  consist  of  several  simple  bodies,  surrounded  by  a  common 
lamellated  envelope.  These  structures,  which  were  first  made  mention  of  by 
Hassall  and  Virchow,  and  which  were  further  followed  up  by  Ecker  and  Bruc/i, 
appear  to  me  to  arise,  not  by  direct  metamorphoses  of  the  nuclei  and  cells  in 
the  walls  of  the  lobules,  but  by  the  successive  deposition  of  an  amorphous 
substance  around  them,  and  thus  to  be  analogous  in  their  mode  of  formation 
to  prostatic  calculi.  The  lamellated  part  of  these  bodies  consists  of  a  sub- 
stance which  affords  considerable  resistance  to  alkalies,  and  is  certainly  not 
of  a  fatty  nature.  Its  affinities  are  rather  with  colloid  substance,  and  the 
substance  of  prostatic  calculi,  and  it  probably  results  from  an  alteration  of 
the  albumen  in  the  gland-tissue.  In  certain  cases,  the  laminated  substance 
appears  to  consist  of  flattened  cells,  so  that  the  whole  bears  a  resemblance 
to  the  laminated  epidermoid  growths  of  pathologists.  The  seat  of  these 
concentric  bodies  is  in  the  secretion  of  the  thymus,  but  principally  in 
the  innermost  parts  of  the  walls  of  the  gland,  in  the  situation  of  the  larger 
vessels. 

§  183.  Developme7it  of  the  Thymus. — According  to  Remak,  tlie 
thymus  of  the  chick  arises  from,  the  borders  of  the  two  last  (third 
and  fourth)  branchial  fissures^  and  it  becomes  marked  off  from  the 
mucous  surface  lining  these  edges ;  then,  following  the  three  last 
aortic  arches  at  the  period  when  they  detach  themselves  from  the 
walls  of  the  pharynx,  the  thymus  comes  to  lie  between  these,  as 
two  elongated  sacs. 

In  the  earliest  condition  seen  in  mammalia  (in  a  calf  embryo, 
I  inch  long),  the  gland,  according  to  Bischoff,  consists  of  two  deli- 
cate streaks  of  blastema,  which  extend  downwards  from  the  larynx 
towards  the  chest,  and  appear  to  be  connected  superiorly  with  the 
thyroid.  Simon  gives  a  similar  description  of  the  thymus  in  the 
embryoes  (|  to  i  J  inch  long)  of  the  calf  and  pig,  only  he  mentions 
nothing  of  a  connection  with  the  thyroid,  and  describes  the  central 
thread  of  the  gland  as  a  tube  limited  by  a  delicate  structureless 
membrane,  and  filled  with  nuclei  and  a  granular  material.  This 
tube,  he  says,  becoming  thicker  and  longer,  developes  itself  further 
by  sending  out  processes,  which  are  at  first  simple,  and  afterwards 
become  considerably  ramified.  Thus,  in  the  embryo  of  the  calf, 
■J  to  3  inches  long,  Simon  found  processes  springing  from  the 
thymus,  which  were  rounded  and  papilliform,  or  even  furnished 
with  short  stalks.  These  processes  increased  in  number  by 
branching  out  in  twos  and  fours,  until  at  last  a  number  of 
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spherical  bodies  resulted,  and  these  represented  the  lobules.  On 
this  view,  the  primitive  tube  would  be  converted  into  the  central 
cavity  of  the  thymus,  and  each  outgrowth  of  it  would  become 
transformed  into  an  entire  lobule  of  the  organ.— In  the  human 
embryo  of  the  seventh  week,  I  have  observed  the  thymus  lobulated 
at  its  inferior  extremity,  and  simple  at  its  superior.  In  an  embryo 
ten  weeks  old,  the  superior  end  was  a  delicate-walled  tube,  0-04"' 
to  o-o6"'  in  diameter,  filled  with  polygonal  cells ;  and  at  the  lower 
part  (o'i6'''  in  diameter) ,  there  were  separate,  roundish  outgrowths, 
of  0*02"'  to  0-03'"  in  thickness,  which  were  partly  isolated,  partly 
arranged  in  groups  of  from  two  to  five  together.  The  thicker  and 
lowest  part  of  the  gland  was  entirely  beset  with  lobules  in  a  further 
stage  of  development,  which  measured  o'o8'"  to  O'l'",  and  on  these, 
again,  were  seen  the  simple  gland-granules,  or  acini,  each  having  a 
structureless  coat  and  a  cellular  interior.  In  the  twelfth  week  I 
did  not  find  the  thymus  much  larger,  but  the  whole  organ  had 
become  equally  beset  with  lobules,  measiiring  0*1 2'"  to  o'lV- 
From  these  observations,  although  the  first  stages  have  not  yet 
been  seen  in  man,  there  cannot  be  a  doubt  that  the  gland  is 
developed  in  him  exactly  as  Simon  has  observed  in  mammalian 
animals. 

The  subsequent  development  of  the  thymus  presents  some  other 
interesting  conditions.  In  the  embryo,  it  continues  to  grow  slowly 
from  the  third  month  onwards,  extends  as  far  as  the  thyroid  in  the 
sixth  month,  and,  from  the  seventh  month  onwards,  contains  a 
whitish  juice.  After  birth  it  does  not  cease  growing,  as  was  for- 
merly believed,  but  it  increases  very  considerably  soon  after  birth, 
and  goes  on  growing  up  to  the  second  year.  From  this  period 
onwards  it  becomes  no  larger,  but  generally  remains  unaltered  for 
some  time  longer,  until  at  last,  it  wastes  away  and  finally  dis- 
appears. The  period  at  which  these  final  alterations  take  place  is 
very  various.  Simon  says  that  atrophy  commences  between  the 
eighth  and  twelfth  years;  but  my  own  observations,  confirming 
those  of  Ecker,  show  that  this  statement  cannot  be  regarded  as 
universally  true,  seeing  that  the  thymus  is  frequently  found  well 
nourished  and  distended  with  fluid,  in  the  twentieth  year,  having 
experienced  no  metamorphosis,  and  having  just  the  same  structure 
as  in  children.  It  is  still  more  difficult  to  ascertain  the  period  of 
its  complete  disappearance,  and  no  definite  age  can  be  assigned  for 
the  occurrence  of  this  change,  although  the  thymus  is  not,  as  a 
rule,  found  after  the  fortieth  year.  Its  disappearance  is  effected 
by  gradual  absorption  of  its  acini,  and  the  simultaneous  develop- 
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mentof  fat  within  them,  fat- cells  also  appearing  in  the  interlobular 
connective  tissue.  At  the  same  time,  the  concentric  bodies  multiply 
more  and  more,  and,  at  last,  according  to  Echer,  connective  tissue 
develops  itself  in  the  lobules,  and  thus  the  glandular  structure 
becomes  entirely  effaced. 

We  have  above  traced  the  foetal  tbymiis,  from  its  origin  in  a  solid  thread 
of  blastema  to  the  condition  of  a  lobulated  body  with  a  central  canal.  In 
the  organ  developed  thus  far,  some  cells  become  changed  into  vessels,  some 
into  fibres  ;  while,  by  the  coalescence  of  another  series,  the  cavities  of  the 
lobules  are  produced.  The  remainder  of  the  embryonic  cells,  in  the  form  of 
cells  and  nuclei,  constitutes  the  special  parenchyma  of  the  gland  ;  such  a  view 
of  their  origin  explains  why  the  cavities  have  no  sharply  defined  walls.  The 
nuclei  in  the  tissue  of  the  lobules  appear  to  be  the  successors  of  the  em- 
bryonic cells,  multiplied  by  continual  partition,  so  that  there  is  no  need  of 
supposing  for  them  any  new  mode  of  formation.— The  relationship  of  the 
thymus  would  appear,  from  its  microscopical  character,  to  be  principally 
with  the  lymphatic  glands  and  allied  structures  ;  although  the  resemblance  is 
not  complete  in  details.  This  view,  which  I  myself  first  propounded,  appears 
so  probable  as  to  have  received  the  sanction  of  Ley  dig  and  Jendrassik  If, 
however,  the  statements  of  Friedlehen,  a  very  untrustworthy  observer, 
should  be  founded  in  truth,  an  afiinity  would  appear  to  be  shown  to  the 
spleen.  At  any  rate,  we  are  unable  to  gain  a  distinct  clue  to  the  functions  of 
the  organ  from  any  anatomical  considerations. 

The  investigation  of  the  thymus  is  not  easy  I  especially  recommend  that 
the  organ  should  be  prepared  by  boiling.  This  is  very  well  adapted  for  the 
investigation  of  the  connection  of  the  lobes  with  the  central  canals,  and 
for  the  examination  of  the  cavities  in  the  lobules ;  such  a  preparation,  when 
hardened  in  alcohol,  becomes  suitable  for  making  fine  sections.  The  fresh 
gland,  too,  may  be  hardened  in  alcohol,  or  pyroligneous  acid,  or  chromic  acid, 
or  by  boiling  in  vinegar.  The  thymus  of  small  mammalia,  which  is  mem- 
branous at  the  borders,  is  also  well  adapted  for  furnishing  a  general  view  of 
the  part.  Moreover,  injections  of  the  human  thymus  are  absolutely  neces- 
sary, for  without  them  no  satisfactory  information  can  be  obtained. 

Literaiure.^^.  C.  Lucae,  Anat.  Unter sitcJmtiig.  d.  Thymus  im  Menschen  und 
in  Thieren.  Frankfurt  am  M.,  1811-12  ;  and  Anat.  Bemerk  über  Divertikel  am 
Barm  u.  die  Höhlen  der  Thymus,  Nürnberg,  1813.  F.  C.  Haugsted,  Thymi 
in  Horn,  et  per  ser.  Anim.  Descr.,  Hafn,  1832.  A.  Cooper,  Anatomy  of  the 
Thymus  Gland,  Lond.,  1832.  J.  Simon,  A  Physiological  Essay  on  the  Thymus 
Gland,  Lond.,  1845.  Ecker,  Art.  Blutgefassdrüsen,  in  Wagner's  Handw.  der 
Phys./m. ;  and  in  Icon.  Phys.,  tab.  vi.  Restelli,  De  Thymo.  Obs.  Anat.  Phys. 
Path.Ticini  Regii,  1845.  Günsburg,  Ueh.  d.  geschichtl.  Körper  der  Thymus,  in 
Zeitschr.f.  Klin.  Med.,  vi.  p.  456.  A.  E.  Jendrassik's  Researches,  in  Sitzungsher. 
d.  Wien.  Akad.,  Oct.,  iZs^-  A.  Friedleben,  Die  Physiol,  der  Thymus  drüse, 
Frankfurt,  1858. 
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THE  KIDNEYS. 


OF  THE   URINARY  ORGANS. 

§  184.  The  urinary  organs  consist  of  the  two  kidneys,  —  two 
true  glands  of  a  tubular  structure,  which  prepare  the  urine,  —  and 
of  the  excretory  passages,  the  ureters,  the  urinary  bladder,  and  the 
urethra. 

§  185.  The  kidneys  are  composed  of  a  secreting  parenchyma, 
surrounded  by  certain  envelopes.  In  the  latter,  two  coats  are 
enumerated ;  the  one  scarcely  deserves  the  name  of  a  special  coat, 
for  it  only  consists  of  loose  connective  tissue,  with  numerous  fat-cells 
in  its  meshes :  it  has  received  the  name  of  the  Capsula  adiposa,  or 
fat  capsule.  The  true  fibrous  envelope,  tunica  propria  s.  albuginea, 
is  a  whitish  investment,  thin  but  firm,  formed  of  ordinary  connective 
tissue,  and  numerous  fine  net-works  of  elastic  fibres.  It  closely 
envelops  the  kidney,  and,  at  the  hilus,  becomes  applied  to  the 
calyces  and  the  vessels,  without  being  continued  into  the  interior 
of  the  organ,  although,  even  at 
the  hilus,  it  closely  surrounds  the 
parenchyma  as  far  as  the  cortical 
substance  extends. 

The  secreting  parenchyma  (fig. 
166)  is  sharply  limited  by  the 
fibrous  capsule,  and  consists,  when 
viewed  with  the  naked  eye,  of 
two  parts — the  medullary  and  the 
cortical  substance.  The  former  of 
these  appears  in  the  form  of  from 
eight  to  fifteen  isolated  conical 
masses,  with  their  apices  towards 
the  hilus — the  Malpighian  pyra- 
mids (fig.  166  e) — whilst  the  lat- 
ter (fig.  166  Ä)  forms  the  entire 
cortex  of  the  organ,  and  sends 
inwards,  between  the  separate 
pyramids,  partitions  which  extend 
up  to  the  hilus  —  the  Columnce 
Bertini  (fig.  166  g).  The  cortical 
substance  appears  to  be  connected  through  the  whole  kidney  with- 
out any  interruption.    Microscopically  examined,  however,  the 
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A  section  through  the  middle  of  the  kidney 
of  a  child,  a.  ureter;  b.  pelvis  ;  c.  calyces ; 
d.  papillse  ;  e.  Malpighian  pyramids ;  /.  Fer- 
reiri's  pyramid  of  Authors  ;  g.  septa  Bertini; 
h.  outer  part  of  the  cortical  substance. 
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[sect.  i86. 


cortex  is  seen  to  divide  into  the  same  nnmber  of  segments  as 
there  are  pyramids  present ;  and  the  kidney,  accordingly,  may  be 
Fig.  167.  regarded  as  formed  of  a  number  of 

large  lobes,   intimately  connected 


:  Perpendicular  section  through  a  part  of  a  pyramid,  and  of 
the  appertaining  cortical  substance  of  an  i^f  cted  kitoey  of  a 
rabbit.  Half  diagrammatical  flszure  ;  magnihed  30  times.  On 
the  left,  the  ressels  ;  on  the  right,  the  course  of  the  unnary 
tubules  is  represented,  a.  arterite  interloMlares  with  tlie 
glomeruli  Malpighiani,  b.  and  their  vasa  /^^^ 
efferentia;  d.  capillaries  of  the  cortex;  ^^'^'^ '^flZ  ^^j/J]'^. 
mitermost  corpuscles  passing  into  the  capillaries  of  the  surface  ot 
the  kidney  ;  A  vasa  efferentia  of  the  innermost  glomeruli  con- 
tuiuing  into  the  arteriolserectae,  ggg  ;  h.  capillaries  of  the  pyra- 
mids forming  from  the  latter  ;  i.  a  venula  recta  commencing 
at  the  papilla;  I:  commencement  of  a  straight  urinary  tubule 
at  tlie  papilla;  I.  divisions  of  the  same;  m.  convoluted  tu- 
bules in  the  cortex,  not  represented  m  their  entire  course  ; 
n  the  same  on  the  surface  of  the  kidney ;  o.  contmuation  ot 
tl^e  same  into  the  straight  tubules  of  the  cortex  ;  p.  connection 
of  tlie  same  with  the  Malpighian  capsules. 


together. 


§  1 86.  Composition  of  the  Renal 
Substance.     Both  portions  of  the 
kidney  consist   essentially  of  the 
urinary  canaliculi,  tuhuli  uriniferi, 
cylindrical  tubules,  measuring,  on  an 
average,  O'Oib'"  to  0-025'"  in  di- 
ameter.   They  commence  in  every 
renal  lobe  or  segment,  at  the  renal 
papillae,  the  part  of  the  pyramids 
enclosed  by  the  calyces.   Their  open- 
ings measure  0'024'"  to  O'l'"  in  di- 
ameter, and  are  scattered  to  the 
number  of  from  200  to  500  upon  the 
surface  of  the  papilJse.    Thence  the 
tubules  extend  into  the  pyramids,  in  a 
direction  mostly  straight  and  paral- 
lel, and  are  hence  called  tuhuli  recti 
(or  tuhuli   Belliniani)   (fig.  166  h). 
During  this  course,  each  of  these 
straight  tubules  repeatedly  divides, 
mostly  at  acute  angles,  and,  at  first, 
with  considerable  decrease  in  calibre. 
The  division  is  almost  always  into 
two  (fig.  166  I),  more  rarely  into 
three  or  four.    In  this  manner,  at 
last,  an  entire  fasciculus  of  fine  tu- 
bules  arises   from  a 
single    main  tubule, 
and  this  explains  the 
constantly  increasing 
breadth  of  the  pyra- 
mids, as  they  are  traced 
from  the  papillJB.  At 
the  same  time,  the  con- 
nection of  the  straight 


tubules  becomes  looser  towards  the  bases  of  the  pyramids,  on 
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account  of  thick  bundles  of  vessels  appearing  there  at  regular 
distances  {arteriole  and  venulcB  rectoe),  and  they  diverge  from 
one  another  in  all  directions,  so  that,  on  a  perpendicular  section, 
the  pyramids  (the  papillee  of  course  excepted)  appear  to  radiate 
into  numerous  small  bundles  or  tufts-^the  pyramids  of  Fer- 
rein'  of  some  anatomists.  Transverse  sections,  however,  show 
that  these  are  nowise  to  be  regarded  as  definite  fasciculi;  though 
from  a  certain  order  in  the  arrangement  of  the  tortuous  tubules 
into  columnar  masses,  there  is  no  objection  to  giving  the  special 
name,  pyramids  of  Ferrein,  or,  '  fasciculi  corticales,'  to  the  con- 
tinuations of  the  indistinct  bundles  of  straight  tnbules  into  the 
cortex.  These  are  V"  to  ^"  in  breadth,  are  distributed  in  the 
whole  of  the  cortical  portion,  and  as  has  been  said,  are  very 
incompletely  defined  from  each  other.  The  urinary  tubules,  even 
where  they  leave  the  pyramids,  have  a  slightly  undulating  course; 
and  this  is  still  more  the  case  farther  on  in  the  cortical  substance, 
where  they  are  interwoven  at  first  sight  inextricably  and  without 
regularity,  constituting  the  tuhuli  contorti  or  corticales.  These 
run  more  straightly  in  the  interior  of  a  pyramid  of  Ferrein  (fig. 
167  0),  and  more  crookedly  at  its  circumference,  and  end  in  the 
Malpighian  corpuscles,  as  was  shown  by  Bowman,  in  1842,  where 
they  come  into  relation  with  a  plexus  of  vessels.  Examined  more 
closely,  after  leaving  the  pyramid,  the  tubuli  uriniferi  are  seen  to 
become  curved  laterally  (fig.  167  m),  some  soon  after  entering  the 
cortical  portion,  and  more  and  more  become  so  in  their  passage 
outwards.  They  then  proceed  in  an  undulating  manner  towards 
the  arterial  trunks  wliich  surround  the  cortical  lobules,  so  that  at 
last  either  towards  the  surface  of  the  kidney  (and  a  little  distance 
from  it),  or  towards  the  middle  of  the  interlobular  columns  of 
Bertini,  the  whole  fasciculus  is  broken  up  into  tortuous  tubules. 
The  Malpighian  corpuscles  (fig.  167  6)  are  little  bodies  measuring 
o'o6"'  to  o-  i",  from  which  the  tubuli  uriniferi  arise.  They  lie  in  the 
entire  thickness  of  the  cortex  from  the  pyramids  onwards  to  within 
^o'"  from  the  surface,  and  they  exist  in  the  septa  Bertini  as  far  as 
the  pelvis  of  the  kidney.  They  are  arranged  so  regularly  and 
numerously  around  the  cortical  lobules,  that,  on  every  perpen- 
dicular section  through  the  cortex,  a  red  stripe  of  these  corpuscles 
is  always  seen  between  two  lobules.  As  a  rule,  such  a  red  stripe 
consists  of  a  small  artery  and  from  two  to  four  irregular  rows  of 
corpuscles  supported  on  it ;  and  of  these  rows,  some  are  related 
more  to  the  one,  others  more  to  the  other  cortical  bundles.  Hence, 
every  fasciculus  of  uriniferous  tubules  in  the  cortex  is  completely 
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surrounded,  from  its  commencement  onwards,  by  Malpighian  cor- 
puscles, and,  as  may  easily  be  understood,  some  tubules  separate 
from  the  bundle  earlier,  others  later,  in  order  to  arrive  at  their 
corpuscles.  Moreover,  every  cortical  tubule  runs,  after  its  origni, 
in  a  tortuous  direction,  then  curves  backwards;  and  eventually 
assumes  a  direction  parallel  to  the  straight  tubules  of  the  cortical 
fasciculus. 

The  number  of  the  tortuous  tubules  corresponds  to  that  of  the  Malpighian 
corpuscles,  and  is,  accordingly,  in  every  case  very  large.  According  to 
Iluschke,  each  fasciculus  corticalis  contains  200  tubules,  and  each  pyramid 
700  such  fascicuh,  so  that  Ü' there  are  15  pyramids  present,  we  have  more 
than  2  millions  of  commencing  tubules  and  Malpighian  corpuscles.  Suice 
each  papilla  possesses  500  or  more  openings,  it  is  possible  that  every  cortical 
fasciculus  arises  from  a  single  Belliiiian  tubule  ;  in  every  case,  it  is  observed, 
that  on  every  straight  tubule,  the  divisions  are  at  least  ten  times  repeated. 


Fig  IC.8. 


§  187.  The  tubuli  uriniferi  are  composed  everywhere  of  essen- 
tially the  same  elements,  viz.,  a  memhrana  propria  and  a  pavement 
epithelium.  The  former  is  a  perfectly  structureless  envelope, 
transparent  and  thin  (0  0004'"  to  o-ooo6"'),  but  still  firm  and  elastic. 

It  can  be  isolated  to  a  very  considerable  extcTit, 
especially  from  the  straight  tubules,  and  is  then 
apt  to  become  disposed  in  folds,  which  often  give 
rise  to  a  striped  appearance  like  connective  tissue. 
Upon  the  inner  side  of  the  envelope,  which  quite 
agrees  in  its  chemical  characters  with  the  sarco- 
lemma  (see  §  77),  there  lies  a  simple  layer  of 
polygonal  cells  of  moderate  thickness  around  the 
cavity  of  the  tubules;  these  are  very  prone  to 
become  altered,  a  circumstance  which  has  given 
rise  to  many  incorrect  ideas  of  the  structure  and 
contents  of  the  uriniferous  tubules.    That  is  to 
say,  in  the  ordinary  method  of  investigation  in 
water,  they  become  dilated,  distended  and  pale 
from  absorption  of  the  liquid,  so  that  their  poly- 
gonal form  and  regular  arrangement  is  effaced, 
and  the  renal  tubules  within  the  structureless  coat 
appear  quite  filled  with  large  roundish  cells,  and 
no  longer  present  any  cavity.    Frequently,  also, 
the  cells  burst,  and  then  the  tubules  contain 
nothing  but  a  finely-granular  mass  with  nuclei 

  and  clear  drops  of  albumen  which  has  passed  out 

of  the  cells.    The  same  alterations  take  place  spontaneously  in 


Two  straight  uri- 
nary tubnles  of  man, 
the"  one  with  com- 
plete epitlieliura,  the 
other  half  empty,  a. 
intiuhro.na  propria  ; 
b.  epithelium. 
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kidneys  which  are  not  quite  fresh;  and  it  is,  therefore,  especially 
necessary  to  examine  the  organ  as  soon  as  possible  after  death, 
avoidino-  at  the  same  time,  the  addition  of  all  substances  which 
may  alter  its  texture  in  any  way.  The  contents  of  the  epithelial 
cells  consist  of  the  usual  round  nuclei,  together  with  a  large  quan- 
tity  of  very  finely-granular  matter ;  on  the  addition  of  water,  yel- 
lowish drops,  probably  of  albumen,  readily  pass  out,  but  the  cell 
is  not  otherwise  altered.  On  the  addition  of  acetic  acid,  the  cell- 
membrane  and  granular  contents  first  become  pale,  the  cell-wall 
soon  dissolves,  and  at  the  same  time,  the  nucleus  becomes  very 
indistinct.  Lastlv,  on  the  addition  of  caustic  alkalies,  the  nucleus 
and  cell-wall  both  disappear  immediately.  These  granules  I  do  not 
hesitate  to  regard  as  of  a  protein  substance.  Besides  these,  and 
the  liquid  albumen  around  them,  the  cells  very  commonly  contain 
some  small  dark  fat-drops,  and  more  rarely  one  or  two  granules  of 

yellowish  pigment.  .  i    1  v 

"  The  straight  and  tortuous  tubules  present,  along  with  the  above- 
mentioned  general  characters,  some  minor  differences.  The  straight 
tubules,  although  at  first  of  considerable  breadth  (even  o-o6  to 
O'l'"),  soon  become  attenuated  by  subdivisions  to  O'Oi"  ,  O'OH^^^ 
to  0-0 18     but  increase  again  as  they  leave  the  pyramids  to  0*02 
to  o'0^^".    Of  this  diameter,  they  enter  the  cortex,  and  then 
increase  to  0-033'"  in  the  proper  tortuous  tubules,  becoming  again 
attenuated  close  to  the  Malpighian  bodies.     In   the  tortuous 
tubules,  the  memhrana  propria  is  more  dehcate  (0-0003  to 
0-0004"  in  thickness)  and  more  difficult  to  isolate;  whilst,  on  the 
other  hand,  the  epithelium  is,  as  a  rule,  larger  here,  its  cells  being 
0  008"'  to  0-012'"  in  breadth,  and  0-004'"  to  0-005'"  in  thickness; 
whereas,  in  the  straight  tubules,  the  cells  are  only  0-004'"  to 
0  006'"  broad,  and  0-004"'  thick.    It  appears  to  me,  also  worthy 
of  remark  physiologically,  that  the  cells  of  the  straight  tubules 
contain  clear  contents,  with  but  few  granules ;  and  hence  it  happens 
that  in  an  ansemic  kidney  the  medullary  substance  appears  whitish, 
while  the  cortex,  on  the  other  hand,  is  yellowish. 

The  Malpighian  corpuscles  possess  a  very  pecuhar  structure; 
they  are  to  be  regarded  as  dilated  appendages  of  the  tortuous 
tubules,  and  contain,  imbedded  in  their  epithelium,  a  compact, 
roundish,  vascular  plexus  — the  glomerulus  Malpighianus,  which 
entirely  fills  their  cavity.  The  proper  coat  of  the  tubules  is  con- 
tinued as  the  envelope  of  these  bodies  (fig.  169,  a),  and  here  it 
becomes  somewhat  thickened,  reaching  0-0005'"  to  0-0008'"  m 
thickness.    The  epithelium  also  passes  into  the  capsule  formed  by 
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the  expansion  of  the  proper  membrane;  it  becomes  smaller  and 

less  distinct,  where  it  is  stretched 
across  the  glomeruluSy  at  the  point 
where  the  vessels  look  towards  the 
cavity  of  the  efferent  tube.  This 
portion  of  the  tubule  (fig.  169,  B)  is 
usually  more  slender  than  elsewhere, 
and  is  attached  to  the  Malpighian 
corpuscle  mostly  at  the  side  opposite 
to  the  efferent  and  afferent  vessels. 
As  has  been  mentioned,  its  cavity  is 
prolonged  but  a  very  little  way  into 
the  Malpighian  corpuscle,  for  the 
latter  is  almost  entirely  occupied  by 
the  vessels  and  the  epithelium. 

The  ciliary  movement  with  the  direction 
of  the  current  towards  the  ureter,  dis- 
covered by  Boivman  in  the  frog,  at  the 
neck  of  the  Malpighian  corpuscles,  and  at 
the  commencement  of  the  tubules,  can  be 
easily  confirmed  when  the  addition  of 
water  is  avoided.  It  is  absent  in  birds 
and  mammalia,  but  is  found  in  serpents, 
in  the  salamander,  triton,  bombinator,  and 
bufo.  It  is  very  beautifully  seen  in  fish  ; 
and  Remak  and  myself  find  it  in  the  pri- 
mitive kidney  of  the  embryo  of  lizards, 
which  has  the  structure  of  a  true  kidney ;  and  in  these  two  latter  cases, 
ciliary  movement  is  also  found  in  the  tubules,  at  some  distance  from  the 
Malpighian  corpuscles. 

The  question  of  the  existence  of  an  epithelium  over  the  glomerulus  is  not 
yet  finally  set  at  rest,  for  very  recently  Todd  and  Bowman  {Phys.  Anat,  ii. 
p.  489)  assert  that  the  plexus  is  quite  bare  within  the  capsule,  ^c^er  and 
others  hold  the  same  view,  I  may  refer  to  my  Micros.  Anat.,  ii.  2,  p.  354,  and 
only  add  here,  that  the  primordial  kidney  and  the  true  kidneys  of  amphibia 
and  fishes,  are  the  most  suitable  places  for  demonstrating  the  epithehum  over 
the  tuft  of  vessels. 

I  shall  only  mention  here  some  of  the  very  frequent  pathological  degenera- 
tions of  the  ttibuli  uriniferi.  Their  membrana  propria  is  often  thickened  to 
o-ooi'",  or  even  0-002"',  and  then  frequently  presents,  on  its  inner  side,  very 
beautiful,  dehcate  strii»,  closely  disposed  in  a  transverse  direction.  The 
epithelial  cells,  especially  of  the  cortical  substance,  frequently  contain  a 
considerable  quantity  of  fat-globules,  so  that  they  then  much  resemble 
hepatic  cells  from  a  fatty  liver,  the  more  so,  as  they  are  then  generally  en- 
larged up  to  0-02'"  in  diameter.  Along  with  the  fat,  pigment  granules  (of 
the  colouring  matter  of  urine  ?)  also  appear  in  the  epithelial  cells,  both  of 


1.  A  hnmaii  Malpighian  corpuscle.  A., 
with  the  urinary  tubule,  B.  C.  arisinjf 
from  it.  Magnified  aOO  times.  Half-dia- 
grammatical figure,  a.  Envelope  of  the 
Malpighian  corpuscle,  continuing  into  b. 
the  membrana  propria  of  the  convoluted 
uriuiferous  tubules;  c.  epitiielium  of  the 
Maliiighian  corpuscles  ;  d.  epithelium  of 
the  nriniferous  tuhule ;  e.  detached  epithe- 
lial cells ;  /.  vas  afferens ;  g.  -vas  efferens ; 
h.  glomerulus  Mal])ighianus.  2.'  Three 
e)  ithelial  cells,  from  convoluted  tubules; 
magnified  350  times;  one  with  fat-drops. 
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'  the  straight  and  tortuous  tubules.    On  the  other  hand,  the  concretions  of 

uric  acid  and  calcareous  salts,  which  are  seen  so  frequently  in  the  cavity  of 
the  canals,  have  not  yet  been  demonstrated  with  certainty  to  occur  within 
the  cells  themselves  —  at  any  rate,  in  vertebrate  animals  (though  Simon 
['Thymus,'  p.  69]  has  frequently  found  crystals  in  the  renal  cells  of  fish). 
Bright  yellow  masses,  resembling  colloid,  are  very  frequently  met  with  in  the 
epithelial  cells,  and  these  generally  enlarge  and  develop  into  narrow  cysts,  of 
0-05'"  to  0-072'"  in  length,  which  at  length  burst  and  discharge  their  colloid 
contents,  which  are  then  found  free  in  the  tubules  as  well  as  in  the  urine.  A 
development  of  the  epithehal  cells  to  other  cysts,  as  is  assumed  by  .7.  Simo7i 
and  Gildemeester  {Tijdschr.  d.  Nederl.  Maatsch.,  1850),  has  not  hitherto  oc- 
curred to  me ;  on  the  other  hand,  I  have  distinctly  verified  the  observation 
of  Johnson^  and  have  found,  in  an  atrophied  kidney,  a  breaking  up  of  the  tor- 
tuous tubules  into  shut  sacs,  apparently  from  the  development  of  connective 
tissue  between  them  and  separating  them,  the  cysts  thus  formed  having  the 
same  structure  as  the  tubules,  and  being  partly  of  the  same  width  as  these, 
and  partly  dilated  to  vesicles  o-i'"  in  size.  Beckmann  has  recently  observed 
the  formation  of  such  cysts  in  the  straight  tubules.  The  Malpighian  cor- 
l)uscles  may  also  become  dilated  into  cysts,  in  which,  besides  a  clear  fluid, 
the  atrophied  glomerulus  may  often  be  seen  upon  the  wall.  Abnormal  con- 
tents may  appear  in  the  tubules  as  follows  :  i.  hlood,  most  frequently  in  the 
commencement  of  the  tortuous  tubules,  especially  in  those  of  the  surface. 
This  is  sometimes  effused  in  such  quantities,  that  red  points,  the  size  of  a 
pin's  head,  arise,  which  were  formerly  incorrectly  regarded  as  dilated  Mal- 
pighian corpuscles ;  2.  a  gelatiniform  substance,  probably  fihrine,  in  cylin- 
drical masses,  corresponding  to  the  cavity  of  the  tubules  (see  Beckmann,  in 
ViRCH.  Arch.,  xi.) ;  3 .  the  above-mentioned  colloid  substance  ;  4.  concretions 
in  the  Bellinian  tubules,  consisting,  in  the  adult,  chiefly  of  carbonate  and 
phosphate  of  lime  ;  in  newly-born  infants,  of  uric  acid  salts,  which  give  the 
pyramids  a  bright  golden-yellow  colour.  Though  not  without  exceptions, 
still  it  is  the  rule  that  these  crystals  only  occur  in  children  which  have 
breathed  (between  the  third  and  twentieth  day).  In  the  later  stages  of 
'  Bright s  disease,'  many  tubules,  which  have  lost  their  epithelium  by  exuda- 
tion into  them,  become  atrophied,  and  ultimately  completely  disappear,  whilst 
groups  of  others  become  filled  with  fatty  disintegrating  exudation,  and  are 
dilated  so  as  to  form  small  prominences— the  '  granulations '  of  Christison. 

§  188.  Vessels  and  Nerves. — The  large  renal  artery  divides,  in 
tlie  pelvis  of  the  kidney,  into  a  certain  number  of  branches,  which 
supply  the  parts  situated  in  the  hilus,  and  then  pass  above  and 
beneath  the  renal  nerves  into  the  cortical  substance — the  columnce 
Bertini — situated  beneath  the  pyramids.  From  hence  they  run 
close  to  the  hne  of  demarcation  between  the  pyramids  and  cortical 
substance,  and  divide  repeatedly,  so  as  to  form  a  beautiful  ramifi- 
cation without  anastomoses,  generally  from  two  large  arteries. 
From  the  part  of  this  branch-work  which  is  directed  towards  the 
cortical  substance,  small  arteries  arise  at  right  angles  with  great 
regularity,  and  these  divide  several  times,  until  they  form  fine 


4iO 


VESSELS  OF  THE  KIDNEY. 


[sect.  i88. 


Fig.  170. 


branches  {o'o6'"  to  o'l''').  which  run  directly  outwards  between  the 
cortical  fasciculi,  and  may  be  most  fitly  called  arteria  interlobulares 
(fig.  167,  a).  It  is  these  which  support  the  Malpighian  corpuscles, 
and,  apart  from  some  twigs  which  pass  to  the  envelope  of  the 
organ,  are  entirely  consumed  in  the  formation  of  their  vascular 
coils.  That  is  to  say,  each  interlobular  artery  gives  ofiF,  in  its  entire 
length,  and  in  two,  three,  or  four  directions,  a  large  number  of 
fine  twigs  of  arterial  structure,  with  a  diameter  of  o'OoS"'  to  0-02'"  ; 
and  these,  after  a  short  course,  penetrate  the  envelope  of  a  Mal- 
pighian corpuscle,  either  directly  or  in  several  divisions,  and 
appear  as  the  vasa  affereyitia  of  its  vascular  coil.    Each  of  these 

vascular  coils  (figs.  169,  170) 
consists  of  a  dense  convolution 
of  fine  vessels,  of  o'oo^"  to 
o-oo8'"  in  diameter,  having 
the  ordinary  structure  of  ca- 
pillaries (with  structureless 
wall  and  nuclei),  and  are  pro- 
vided with  an  efi"erent  vessel 
besides  the  entering  artery. 
The  manner  in  which  these 
two  vessels  are  connected  with 
each  other  is  not  that  which 
occurs  between  arteries  and 
veins,  but  resembles  that  which 
is  found  in  the  so-called  rete 
mh^ahile,  the  vas  aff'erens  di- 
viding, immediately  after  its 
entrance,  into  five  to  eight 
branches,  and  each  of  these, 
again,  into  a  tuft  of  capillaries. 
These  are  twisted  and  wound 
together  in  various  ways,  and 
pursue  their  course  without 
forming  anastomoses.  They  at  last  re-unite  to  form  a  trunk,  in 
exactly  the  same  manner  as  they  themselves  were  formed.  As  a 
rule,  the  two  trunks  of  the  glomerulus  enter  and  pass  out  near  to 
each  other,  and  opposite  the  origin  of  the  tubule;  the  finest  vessels 
of  the  coil  (0-003'"  to  0-004'"  in  diameter)  are  invariably  found 
exactly  at  the  spot  where  the  urinary  tubule  commences.  In 
birds,  amphibia,  and  fish,  each  glomerulus  consists  of  one  single 
tortuous  vessel. 


From  the  human  kidney,  after  Bowman,  a. 
Termination  of  an  art.  interlobularis  ;  b.  arterial 
afferentes;  c.  naked  glomerulus;  d.  vas  effertns; 
e.  glomeruli  enveloped  hy  the  Malpighian  cap- 
sules; /.  uriniferous  tubules  arising  from  the 
same.   Magnified  45  times. 
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The  vasa  efferentla,  although  arising  from  capillaries,  are  still  not 
veins,  but  have  the  signification,  and,  in  part,  the  structure,  of  small 
arteries.    These,  in  their  further  course,  break  up  into  the  capillary 
network  of  the  kidney,  both  in  the  cortex  and  pyramids,  presenting 
a  somewhat  different  character  at  the  two  places.    In  the  cortex 
(fig.  167,  d),  the  vasa  efferentia,  0-004'"  to  o-oo8"'  in  thickness, 
break  up,  after  a  short  course,  into  a  very  close  network  of  capil- 
laries (0-002'",  0-004"'  to  0-006"'  in  diameter,  with  roundish,  an- 
gular meshes,  0  005'"  to  O'Ois'"  wide),  which  surrounds  the  tortuous 
tubules  on  all  sides,  and  may  be  regarded  as  continuous  throughout 
the  whole  cortical  substance.    It  is  only  the  efferent  vessels  of 
those  glomeruli  which  border  imme- 
diately upon  the  Malpighian  pyramids 
which  form  an  exception  to  this  con- 
dition.   These  are  not  distributed  to 
the  cortex,  but  to  the  pyramid ;  they 
are  uniformly  characterised  by  their 
more  considerable  diameter  (o'oi"'  to 
0  016"'),  their  extended  course,  and  the 
scanty  amount  of  their  ramification. 
These,  which,  with  Arnold,  I  will  call 
arteriolce  rectce,  penetrate  into  the  whole 
circumference  of  the  pyramids,  directly 
between  the   Bellinian  tubules,  run 
downwards  towards  the  papillae,  at  the 
same  time  dividing  repeatedly  at  acute 
angles,  and  gradually  become  attenuated 
to  0-004"'  to  O'Oi"'  in  diameter.  At 
last,  these  straight  arteries  pass  into 
capillaries  (0-003"'  to  0*004'"),  both  in 
the  papillae  and  in  the  interior  of  the 
pyramids.    These  capillaries  are  con- 
tinuous with  those  of  the  cortex  at  the 
margin  of  the  pyramids,  but  are  dis- 

tmgUlshed  from  them  by  their  smaller     the  medullary  substance.  Magnified 

numbers  and  the  elongated  form  of  '^tmies. 
their  meshes.  The  renal  veins  commence  at  two  places,  viz.,  at 
the  surface  of  tbe  organ  and  at  the  apices  of  the  papillsc.  The 
former  are  the  veins  of  the  cortex,  and  begin  by  small  venous 
radicles,  collecting  the  blood  from  the  outermost  portion  of  the 
capillary  network.  These  small  veins  surround  each  separate 
cortical  fasciculus  in  a  regular  manner,  and  unite  in  a  stellate 


Fig.  171. 


Glomerulus,  from  the  innermost 
part  of  the  cortex  of  the  kidney  of  the 
horse,  after  Bowman,  a.  art.  inter- 
lobularis;  af.  vas  afferens;  mm.  glo- 
merulus ;  e  f.  vas  efferens  sive  arte- 
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fashion  into  larger  roots  {stellulce  Verheynii)  ;  while  others  of  the 
veins,  extending  over  several  of  the  lobules,  also  join  each  other  to 
form  larger  vessels.  In  whichever  way  formed,  these  larger  vems 
pass  inwards  as  the  venoe  interlobular  es,  and  are  continued,  between 
the  cortical  fascicuh,  along  with  the  arteries  of  the  same  name. 
Here  they  are  reinforced  by  the  reception  of  numerous  other 
venous  radicles  from  the  interior  of  the  cortex,  and  pass  over  into 
the  larger  veins  at  right  angles.  The  larger  veins  lie  with  their 
arteries  at  the  circumference  of  the  pyramids,  and  end,  at  last,  in 
the  main  veins.  These,  like  all  renal  veins,  are  destitute  of  valves ; 
they  are  of  the  same  number  as  the  arteries,  and  leave  the  kidney 
like  these.  Before  leaving  the  organ,  however,  these  veins  receive 
additions  from  the  columnce  Bertini,  and  are  joined  by  the  second 
set  of  renal  veins,  those  from  the  pyramids.  These  commence 
with  a  beautiful  network,  surrounding  the  apertures  of  the  urinary 
tubules  on  the  papillae,  become  reinforced  by  other  radicles  as  they 
ascend  between  the  tubuli  recti,  and  are  placed  by  the  side  of  the 
arteries  of  the  pyramids  — the  vasa  efferentia  of  the  innermost 
glomeruli,  or  the  arteriolaj  rectai.  Thus  large  vascular  bundles 
are  formed,  especially  around  the  fasciculi,  at  the  bases  of  the 
pyramids,  which  open,  in  an  arcuate  manner,  into  the  dense  venous 
ramification  which  surrounds  the  pyramids. 

The  vessels  of  the  renal  envelopes  arise  partly  from  the  renal 
artery  before  its  entrance  into  the  hilus,  and  from  the  capsular  and 
lumbar  arteries.  Other  fine  twigs  are  furnished  to  the  fibrous 
capsule  from  the  arteriai  interlobulares,  after  they  have  supplied 
the  Malpighian  corpuscles ;  a  capillary  network  results  with  wide 
meshes,  which  has  connexions  with  vessels  in  the  so-called  '  tunica 
adiposa.' 

The  kidney  possesses  relatively  few  lymphatics ;  they  run  m  the 
interior,  along  the  larger  vessels,  and  do  not  appear  to  extend 
beyond  the  vasa  interlobular ia.  In  the  hilus,  they  unite  to  form 
some  trunklets,  which  receive  lymphatics  from  the  pelvis  of  the 
kidney,  and  then  open  into  the  lumbar  glands.  I  have  not  hitherto 
seen  superficial  lymphatics,  such  as  are  described  by  the  older 
anatomists  {Nuch,  Cruihshank,  Mascagni,  and  others),  except  in 
the  fat-capsule,  although  I  do  not  mean  to  deny  their  existence  in 
the  fibrous  envelope. 

The  renal  nerves,  from  the  coeliac  plexus  of  the  sympathetic,  are 
tolerably  numerous ;  they  form  a  plexus  surrounding  the  arteries, 
possess  some  ganglia  in  the  hilus,  and  can  be  followed  with  the 
vessels  as  far  as  the  interlobular  arteries.  Where  and  how  they 
terminate  is  unknown. 


1 88.]      STROMA  AND  VESSELS  OF  THE  KIDNEY. 


4^3 


All  the  vessels  and  nerves  are  supported  by  areolar  tissue,  which 
serves,  at  the  same  time^  as  a 
stroma  for  the  secretory  struc- 
tures, and  is  much  more  developed 
in  the  pyramidal  than  in  the  cor- 
tical substance.  On  the  surface 
of  the  kidney,  it  frequently  be- 
comes condensed,  and  forms  a 
very  distinct  membrane,  of  o-oi''' 
to  0*02'"  in  thickness,  which  is 
only  loosely  connected  with  the 
fibrous  capsule ;  here  it  assists  in 
supporting  the  superficial  capillary 
network,  and  is  connected  with 
the  internal  stroma  by  numerous 
delicate  processes. 

Vircliow  has  lately  put  forth  some 
views  on  the  distribution  of  the  renal 
vessels,  which  differ  from  those  usually 
received  —  those  of  Arnold  excepted. 
While  Virchow  admits  that  the  ar- 
teries of  the  pyramids,  or  their  capillaries,  are  prolonged  from  the  efferent 
vessels  of  the  Malpighian  bodies,  he  also  maintains  that  the  arterioloe 
rectse  have  no  such  origin,  but  are  derived  directly  from  the  renal  arteries, 
especially  from  those  branches  which  bear  the  Malpighian  coils.  Now, 
neither  in  the  lower  mammaha  nor  in  man,  can  it  be  doubted  that  all 
the  glomeruli  on  the  margins  of  the  pyramids  give  their  efferent  vessels^  as 
true  arteriolce  rectte  ;  but  I  am  not  prepared  wholly  to  deny  7«ow'5  position 
without  a  re-examination  of  the  question.  Possibly  it  may  be  true,  that  in 
man  some  of  the  arteries  of  the  pyramids  are  given  off  direct  from  the  renal 
arteries,  although,  in  the  amphibia,  and  other  lower  animals,  there  is  no  ques- 
tion that  the  whole  blood  of  the  kidney  does  pass  through  the  glomeruli.  The 
fact,  well  known  to  anatomists,  that  in  common  injections  of  whole  bodies  the 
vascular  coils  often  are  injected,  while  the  pyramids  are  quite  free,  argues 
little  for  any  direct  passage  of  arterial  blood  into  the  pyramids.  It  may  be 
remarked,  too,  that  Virchow  gives  the  diameter  of  these  arteriolse  in  question 
as  three  times  greater  than  has  been  stated  above,  even  up  to  0-03"'  to  0-04'". 

In  inflammation  and  exudations  into  the  kidney,  the  stroma  frequently 
becomes  thickened  so  considerably,  that  it  is  apparent  on  the  most  superficial 
observation,  and  even  more  or  less  displaces  the  urinary  tubules.  The  parts 
newly  added  to  it  consist  chiefly  of  a  fibrinous  exudation,  in  different  stages 
of  transition  into  areolar  tissue,  partly,  also,  of  forms  which  belong  to  areolar 
tissue  in  process  of  normal  formation,  such  as  plastic  cells.  These  new  for- 
mations often  appear  in  the  interior  of  the  Malpighian  corpuscles  (Frerichs), 
usually  in  the  form  of  concentric  depositions,  frequently  very  thick,  which 
compress  the  aff'erent  and  efferent  vessels,  and  thus  produce  atrophy  of  the 
glomerulus,  so  that  the  secretion  of  urine  becomes  very  materially  impaired. 


Fig.  172. 


Transverse,  section  through  some  straight 
tuhules  of  the  cortex  of  the  human  kidney ; 
magnified  350  times.  «.  Transverse  sections 
of  urinary  tubules,  of  which  the  membrann 
propria  is  alone  preserved;  b.  the  same, 
where  the  epithelium  is  still  present ;  c. 
stroma  of  areolar  tissue,  with  elongated  nu- 
clei; d.  space,  which  has  contained  a  Mal- 
pighian corpuscle. 
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lu  other  cases,  the  increase  of  the  stroma  is  more  apparent  than  real,  being 
occasioned  by  the  disappearance  of  the  secreting  parts.  In  chronic  diseases 
of  the  kidneys,  the  walls  of  the  arteries,  and  of  the  vessels  of  the  glomeruli, 
are  frequently  thickened  and  impregnated  with  depositions  of  fat  (Johnson). 


§  189.  Excretory  Urinary  Passages.— "IXiG  ureter,  the  pelvis,  and 
calyces  of  the  kidney  all  consist  of  an  outer  fibrous  coat,  a  layer 
of  smooth  muscular  fibres,  and  a  mucous  membrane.    The  outer 

coat,  formed  of  ordinary  connective 
tissue  and  elastic  fibres,  chiefly  of 
the  finer  sorts,  passes  into  the 
fibrous  capsule  of  the  kidney  at 
the  parts  where  the  calyces  em- 
brace the  papillie.  The  inuscular 
layer  is  very  distinct  in  the  uretei-s, 
and  here  presents  external  longi- 
tudinal, and  internal  transverse 
fibres,  to  which,  in  the  neigh- 
bourhood of  the  bladder,  other 
longitudinal  fibres  are  added  in- 
ternally. In  the  pelvis  of  the 
kidnc}^,  the  two  muscular  laminae 
are  just  as  thick  as  in  the  ureter; 
but  they  become  thinner  and 
thinner  in  the  calyces,  and  ter- 
minate where  these  are  attached 
to  the  papillae.  The  mucous  mem- 
brane of  all  these  parts  is  thin. 

Epithelium  of  the  pelvis  of  the  kidnev,  of  •  - 1       i.     i  i 

man;  magnified  350  times.  .4.  Isolated  cells  ;  tolcrablv  VaSCUlar,  WltUOUt  glanClS 
.ß.  the  same  in  situ.    a.  small,  &.  large  pave-  .  .  ,' 

ment  cells;  c.  the  same  with  nucleus-Hke  or  papiUsC,  and  IS  COntmuecl,  VCry 
bodies  in  the  interior ;  d.  cylindrical  and  CO-  i  ^    i  /  w  .  rrr 

nical  cells  from  the  deeper  layers;  «.  tran-  mUCh  attenuated  (0"005     tO  O'OI 

sitionform..  diamctcr  without  epithelium), 

upon  the  papillae  of  the  kidney,  where  it  becomes  connected  with 
the  internal  stroma  of  the  organ.  The  epithelium,  covering  this 
mucous  membrane,  is  0-02'"  to  0-04'"  in  thicliness,  and  is  in  several 
layers.  It  is  remarkable  for  the  varying  form  and  size  of  its 
elements,  which  are  small  and  roundish  cells  in  the  deep  portions, 
cylindrical  or  conical  (0  01"' to  0-02'"  in  length)  in  the  middle; 
while  at  the  surface,  the  epithelium  consists  of  roundish,  polygonal 
cells,  o-oob'"  to  0-04''  in  size,  or  of  flattened  plates,  measuring  up 
to  0-02"'.  A  peculiarity  in  these  cells  is  the  frequent  occurrence 
of  two  nuclei  in  their  interior,  and  clear  round  granules,  with  a 
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darkish  contour,  are  also  found;  these  vary  from  o-ooi'"  to  0-002"' 
in  size,  and  have  often  very  much  the  appearance  of  nuclei 
themselves. 

The  urinary  bladder  is  composed  of  layers  similar  to  those  of 
the  ureter,  and  receives,  in  addition,  a  covering  from  the  peri- 
toneum.   The  muscular  coat  is  made  up  of  an  external  longi- 
tudinal layer,  which  is  well  known  under  the  name  of  detrusor 
urince.    This  layer  is  composed  of  parallel  fasciculi,  which  are 
provided  with  elastic  tendons  here  and  there  (Treitz),  and  single 
fibres  are  continued  from  these  bundles  upon  the  urachus.  The 
next  layer  of  the  muscular  coat  consists  of  a  meshwork  of  fasciculi 
of  variable  size,  running  obliquely  and  transversely,  and  matted 
together ;  at  the  neck  of  the  bladder,  these  pass  into  a  continuous 
layer  of  circular  fibres,  the  sphincter  vesicce.    A  thick  stratum  of 
yellowish-white  fibres,  situated  immediately  under  the  mucous 
membrane  of  the  fundus  of  the  bladder,  has  received  the  name 
corpus  trigonum,  and  to  this  the  so-called  uvula  vesicce  (valv. 
vesico-urethralis,  Amussat),  at  the  orifice  of  the  urethra,  is  at- 
tached.   This  corpus  trigonum  is  connected  with  the  longitudinal 
muscular  fibres  of  the  ureters  as  they  pass  through  the  muscular 
coat  of  the  bladder;  and  it  is  composed  of  connective  tissue,  smooth 
muscular  fibres,  and  fine  elastic  elements ;  these  last  are  mostly 
longitudinal,  but  partly  transverse  in  direction.     V.  Ellis  calls 
this  stratum  of  fibres  the  submucous  muscular  stratum  of  the 
bladder,  and  states  that  it  extends  upwards  for  some  distance 
above  the  trigonum.    The  mucous  membrane  of  the  bladder  is 
pale,  smooth,  and  rather  thick,  with  abundant  submucous  tissue 
everywhere  but  at  the  trigonum ;  this  allows  the  mucous  coat  to 
fall  into  numerous  folds  in  the  contracted  state  of  the  organ.  The 
membrane  is  destitute  of  villi;  it  is  well  supplied  with  vessels, 
especially  at  the  fundus  and  neck.    The  nerves  of  the  mucous 
membrane  are  not  very  abundant,  except  at  the  base  and  cervix ; 
they  are  dark-bordered  fibres,  fine  and  of  medium  thickness. — The 
epithelium  of  the  bladder  measures  from  0-03'"  to  0-05"'  in  thick- 
ness, and  is  formed  of  cells  arranged  in  laminae.    The  deeper  cells 
are  spindle-shaped,  conical,  or  cylindrical,  while  the  more  super- 
ficial are  roundish,  polygonal,  or  flattened.    In  the  irregularity  of 
their  shape  they  rival  the  cells  of  the  pelvic  epithelium ;  the  more 
superficial  cells  are  frequently  indented,  to  receive  the  ends  of  the 
elongated  ones  below  them,  and  peculiar  stellate  and  toothed 
shapes  are  thus  produced.    In  the  neck  and  fundus  of  the  bladder 
small  glands  are  met  with,  either  in  the  form  of  simple  pyriform 
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tubes,  or  of  simple  racemose  glandules  from  the  aggregation  of 
such.  These  glands  measure  0-04"'  to  o-i\" ^  and  have  apertures 
of  o"02'"  to  0'05'"  in  diameter ;  they  contain  a  cylindrical  epithe- 
lium and  a  clear  mucus.  In  pathological  cases,  Virchoio  finds 
them  to  be  here  and  there  enlarged,  and  filled  with  whitish  plugs 
of  mucus. 

The  male  urethra  will  be  considered  when  treating  of  the  sexual 
organs.  That  of  the  female  is  made  up  of  a  mucous  membrane 
and  a  muscular  layer ;  the  former  is  of  a  red  colour,  being  pro- 
vided with  numerous  vessels,  especially  with  well-marked  venous 
networks  in  the  submucous  tissue  {Kohelt,  without  reason,  has 
described  these  as  a  corpus  spongiosum).  It  has  a  laminated 
pavement-epithelium,  consisting  of  elongated  cells  in  the  deeper 
portion,  as  in  the  bladder.  The  muscular  fibres  of  the  female 
urethra  are  arranged,  on  the  one  hand,  into  thin  layers  running  lon- 
gitudinally and  transversely,  in  connection  with  the  mucous  mem- 
brane, and  intermingled  with  much  connective  tissue  and  elastic 
fibres ;  on  the  other  hand,  they  form  the  thick  musculus  urethralis, 
whose  fibres  run  chiefly  in  the  transverse  direction.  These  fibres 
are  all  of  the  plain  variety.  A  certain  number  of  racemose  mucous 
glandules  (Littre's  glands) ,  the  same  in  structure  as  those  of  the 
bladder,  only  mostly  larger  and  more  compound,  pour  their  se- 
cretion into  the  urethra.  Occasionally,  they  are  found  enlarged  up 
to  2  lines  in  size,  their  mucous  membrane  swollen  and  protruded, 
and  their  enlarged  tubes  filled  with  a  colloid  substance,  or  even 
with  concretions  resembling  prostatic  calculi. 

§  190.  Physiological  Remarhs.  Development  of  the  Urinary 
Organs. — In  the  chick,  according  to  Remak,  the  kidneys  are 
formed  as  two  hollow  processes  from  the  rectum,  in  which  the 
epithelial  and  fibrous  laminse  of  the  latter  are  concerned.  Their 
further  growth,  like  that  of  the  lungs,  is  by  the  ramification  of 
their  epithelial  tubes,  and  by  the  increase  in  size  of  the  fibrous 
lamina  {Investigations  into  the  Developme7it  of  Vertehrata,  tab.  ii., 
fig.  83—85).  In  mammalia,  the  first  development  of  the  kidney 
has  not  yet  been  observed;  on  the  other  hand,  the  subsequent 
changes,  as  we  learn  them  from  the  researches  of  Rathke,  J. 
Müller,  Valentin,  and  Bischoff,  agree  very  well  with  the  state- 
ments of  Remak,  only  that  in  the  mammalia  the  tubules  appear 
to  be  solid  at  the  beginning,  and  to  be  developed  after  the  type  of 
the  salivary  glands.  In  mammalia,  the  kidneys  consist  of  nothing 
else,  at  their  first  formation,  than  the  pelvis  and  a  certain  number 
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of  club-shaped  cavities  connected  witli  it,  and  representing  the 
calyces.  From  each  of  these  cavities  tufts  of  urinary  tubules  are 
next  formed  by  the  continued  formation  of  processes,  and  each  of 
these  tufts  is  ultimately  transformed  into  a  Malpighian  pyramid, 
with  its  appertaining  cortical  substance ;  the  kidney,  at  the  same 
time,  grows  into  a  corresponding  number  of  large  lobes.  The 
urinary  tubules  are  at  first  solid,  composed  only  of  cells,  straight, 
and  without  a  memhrana  propria.  In  the  course  of  development, 
this  latter  membrane  makes  its  appearance,  probably  from  a  plasma 
secreted  by  the  cells,  and  the  cavities  of  the  tubules  become  de- 
veloped, probably  from  the  collection  of  a  fluid  between  tlie  cells ; 
at  the  same  time,  the  tubules  begin  to  grow  quickly  in  length,  and 
to  become  tortuous.  The  Malpighian  corpuscles  are  originally 
nothing  but  solid,  clavate,  thickened  terminations  of  the  rudiments 
of  the  tubules.  At  a  later  period,  the  inner  cells  of  these  pyriform 
or  roundish  bodies  are  converted  into  capillaries,  which  are  con- 
nected at  two  places  Avith  the  external  vessels;  whilst  the  more 
external  are  transformed  into  an  epithelium,  which  becomes  con- 
tinuous with  that  of  the  urinary  tubules,  and  becomes  surrounded, 
in  like  manner,  with  a  memhrana  propria.  This  membrane  is,  of 
course,  wanting  at  the  parts  where  the  vessels  enter  and  pass  out. 
According  to  Harting,  the  tubules  are  three  times  narrower  in  the 
newly-born  infant  than  in  the  adult,  and,  as  the  kidney  of  the 
latter  is  only  double  the  size  of  that  of  the  child,  it  is  evident 
from  this  that  no  tubules  are  developed  subsequently  to  birth. 

On  the  physiology  of  the  kidney,  I  shall  only  make  the  following 
remarks.  It  cannot  be  called  in  question,  that  the  peculiar  ar- 
rangements of  the  vessels  in  the  kidney,  the  flow  of  blood  through 
coils  projecting  into  the  commencement  of  the  urinary  tubules, 
before  it  passes  into  the  proper  capillary  network  of  the  organ,  is 
most  intimately  connected  with  the  excretion  of  large  quantities 
of  water  by  the  urine.  Through  the  impediments  to  the  flow  of 
the  blood  in  the  glomeruli,  a  considerable  lateral  pressure  is  pro- 
duced, and  a  large  quantity  of  blood-plasma  must  be  forced  through 
the  thin  opposing  membrane,  that  is,  through  the  coat  of  the 
capillaries  and  the  epithelium.  But  as  all  the  constituents  of  the 
plasma  are  not  found  in  urine,  and  as  those  which  are  present  are 
found  in  very  different  proportions  in  the  urine  and  in  the  blood, 
it  is  obvious  that  the  membrane  in  question  does  not  act  simply 
like  a  filter,  but,  by  means  still  unknown  to  us,  retains  certain 
matters,  and  allows  others  to  pass  through  with  great  facility. 
Of  the  former  kind  of  substances,  protein  matters  and  fat,  of  the 
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latter  kind,  urea,  aiTord  the  most  obvious  instances.  Thus  there 
appears  to  arise  in  the  commencements  of  the  tubules  a  very 
diluted  urine,  which  then,  during  its  passage  towards  the  pelvis  of 
the  kidney,  enters  into  mutual  relation  with  the  blood  bathing  the 
tubules,  takes  up  from  it  new  materials,  (probably  more  urea),  and 
gives  off,  at  the  same  time,  certain  of  its  constituents,  such  as 
water  and  salts.  Thus  it  becomes,  for  the  first  time,  urine,  in  the 
proper  sense  of  the  word. 

We  know  very  little  about  the  chemical  composition  of  the 
kidneys.  Frerichs  (I.e.  p. 42)  found  in  a  healthy  kidney  i6"3  to  18 
per  cent,  of  solid  parts  {Lang  i8'i  to  20  per  cent.),  with  72  to  737 
parts  of  water.  Of  the  solid  portion,  the  fat  amounted  to  o"63  to 
I'o  per  cent.,  still,  according  to  0.  Rees,  it  may  increase  to  i'86 
(Lang  finds  to  to  2'8  per  cent,  fat;  in  one  case,  the  medulla  con- 
tained 1*7,  the  cortex,  2*4).  The  greater  part,  however,  appears  to 
be  albumen,  Ludivig,  more  especially,  having  shown  that  it  exists 
in  large  quantities  in  the  kidney  ;  and  this  cannot  be  surprising, 
when  we  consider  the  micro-chemical  condition  of  the  epithelial 
cells  of  the  urinary  tubules. 

An  important  addition  has  lately  been  made  to  our  knowledge 
of  the  chemistry  of  the  kidneys,  in  the  discovery  by  Cloetta  of 
inosite,  hypoxanthin  (or  xanthin),  cystin  and  taurin,  in  tlie  sub- 
stance of  the  organ.  Beckmann  has  also  established  the  existence 
of  leucin  and  tyrosin.  The  occurrence  of  these  substances  renders 
it  very  probable,  as  Beckmann  has  pointed  out,  that  certain  con- 
stituents of  the  urine  are  real  products  of  the  kidney,  and  are  not 
merely  separated  by  this  organ  from  the  blood. 

The  secretion  of  the  urine  takes  place  in  the  higher  animals  without  the 
formation  and  solution  of  cells  ;  and,  accordingly,  the  normal  newly  secreted 
urine  contains  no  morphological  elements,  with  the  exception  of  a  few 
fat-drops  {Lang).  It  is  only  accidentally  that  we  find  epithelial  cells  in 
it,  and  these  are  derived  from  the  excretory  passages,  especially  the  bladder 
and  urethra  ;  but  mucus  from  the  same  localities  is  almost  always  present, 
as  a  slight  turbidity  or  sediment  occasionally  containing  mucous  corpuscles  : 
spermatozoa,  too,  may  be  found,  after  evacuation  of  semen.  In  inflammations, 
hemorrhages,  exudations,  and  formation  of  fat  in  the  kidneys,  the  urine  con- 
tains pus  corpuscles,  fat-globules,  blood-discs,  or  coagula  of  blood  and  fibrine. 
These  are  aggregated  into  cylindrical  plugs,  which  are  casts  of  the  urinary 
tubules  ;  and  besides  these,  we  meet  with  epithelium  of  urinary  tubules, 
either  isolated  or  arranged  in  connected  strings  or  tubes.  Sediments  of  the 
salts  of  the  urine  are  very  readily  formed  in  consequence  of  decomposition. 
Normal  urine  without  sediment,  exposed  for  a  while  to  a  moderate  tem- 
perature, always  passes  into  an  acid  fermentation  by  the  action  of  the  con- 
tained mucus.    Along  with  the  fungi  thus  produced,  the  colouring  matter 
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of  the  urine  undergoes  decomposition  into  lactic  and  acetic  acids  ;  and  by 
this  means  the  uric  acid  is  freed  from  its  combinations,  and  is  precipitated 
in  the  form  of  rhombic  or  prismatic  crystals,  coloured  yellow  or  reddish  by 
the  colouring  matter  of  the  urine.    The  acid  disappears  earlier  or  later,  the 
urine  becomes  ammoniacal  and  alkahne  by  the  decomposition  of  the  urea, 
and,  perhaps,  also  of  the  colouring  matter,  and  large  colourless  pyramidal 
prisms  or  steliately  disposed  needles  of  ammoniaco-magnesian  phosphate, 
soluble  in  acetic  acid  (triple-phosphate),  make  their  appearance  ;  these, 
mingled  with  numerous  infusoria  (vibrions  and  monads),  form  a  superficial 
pellicle  and  a  white  sediment,  in  which  the  crystals  of  triple-phosphate  are 
mixed  with  granules  of  urate  of  ammonia,  and,  perhaps,  also  of  carbonate  of 
lime.    Under  exceptional  circumstances,  which  we  do  not  yet  understand, 
there  appear  in  the  urine  the  six-sided  prisms  of  cystine,  but  a  more  frequent 
deposit  is  composed  of  oxalate  of  lime,  in  the  form  of  octohedra  insoluble  m 
acetic  acid  :  these  occur  especially  after  the  use  of  aerated  drmks,  and  also  m 
preo-nant  women.    The  uric  acid  becomes  increased,  after  the  use  of  highly 
azotised  food,  after  disturbance  of  the  digestion,  by  want  of  exercise,  in 
fevers,  etc.,  and  then  there  forms,  on  the  cooling  of  the  urine,  a  yellowish 
sediment,  more  or  less  abundant,  of  urate  of  soda,  in  the  form  of  granules 
isolated  or  collected  in  heaps,  and  dissolving  when  the  urme  is  heated.  If 
now  the  acid  fermentation  begin,  the  most  abundant  sediments  of  coloured 
crystals  of  uric  acid  (brick-red  sediments)  are  often  thrown  down.     In  affe^c- 
tioiis  of  the  bladder,  the  urine  often  becomes  quickly  alkaline,  and  then  the 
above-mentioned  crystals  of  triple-phosphate  immediately  present  them- 
selves.   The  latter  are  also  very  frequently  observed  in  pregnant  females, 
and  in  the  form  of  the  above-mentioned  pellicle,  were  at  first  held  to  be  a 
peculiar  substance  (Kiesthein). 

The  occurrence  of  albumen,  fibrine,  and  fat,  in  the  interior  of  the  urinary 
tubules,  can,  in  my  opinion,  be  easily  explained,  on  the  assumption  that  m  these 
cases  a  disturbance  of  the  circulation  takes  place  with  an  increased  transu- 
dation of  the  constituents  of  the  blood  into  the  Malpighian  corpuscles  and  the 
urinary  tubules  ;  and  that,  in  consequence  of  this  exudation,  the  epithelium  of 
these  parts  becomes  detached.  This  would  account  for  the  well-known  fact,  that, 
in  these  cases,  epithehum  appears  in  the  urine  in  large  quantities  ;  and  we  may 
be  sure,  that  after  such  separation  of  the  epithelial  cells,  there  would  be  no 
further  hindrance  to  the  passage  of  the  albumen  and  fibrine.  It  is,  indeed, 
conceivable,  that  the  fibrine  should  escape  by  penetrating  the  epithelium,  as 
we  know  may  occur  in  the  instance  of  the  respiratory  mucous  membrane ; 
but  I  do  not  believe  that  an  amount  of  pressure  sufficient  to  produce  a 
transudation  of  fibrine,  would  leave  the  delicate  epithehum  uninjured. 
When  once  the  epithelium  is  wanting,  it  is  very  questionable  whether  it  is 
quickly  reproduced  ;  and  it  appears  to  me,  that  the  frequent  occurrence  of 
small  quantities  of  albumen  in  the  uriDC  may  often  be  dependent  upon 
nothing  else  than  a  local  absence  of  the  epithehum. 

Investigation  of  the  Kidneys.-Taß  urinary  tubules  can  be  readily  isolated 
by  teasing  them  out,  and  the  epithelium,  meiiibrana  fwopria,  and  cavity  be- 
come distinctly  recognisable  when  moistened  with  the  serum  of  blood  or  a 
solution  of  albumen.  Along  with  entire  tubules,  there  are  found,  m  every 
preparation,  numerous  epithelial  cells,  isolated  and  in  heaps,  or  even  forming 
continuous  long  tubes  :  these  latter  are  met  with  chiefly  in  the  pyramids,  and 
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often  present  a  peculiar  appearance,  exhibiting  collapsed  flattened  cells,  and 
thus  resembling  vessels.  With  equal  frequency,  we  also  meet  with  shorter 
or  longer  tubes  of  the  memhrana  ])ro2)ria,  which,  when  they  are  folded,  are 
not  always  immediately  recognisable.  In  examining  the  pyramids,  the  very 
numerous  vessels  are  not  to  be  confounded  with  the  Bellinian  tubes  or  their 
detached  epithelium.  The  connection  of  the  tubules  with  the  Malpighian 
capsules  can  be  readily  found  in  the  kidney  of  the  frog  and  fish,  on  care- 
fully teasing  them  out  ;  but,  even  in  mammalia,  they  will  be  seldom  sought 
for  in  vain,  when  fine  sections  are  examined  after  being  hardened,  and  more 
especially  when  injected  preparations  are  used.  The  glomeruli  themselves 
may  be  frequently  recognised  in  their  natural  condition,  but  still  better  after 
injection.  This  may  be  easily  done  from  the  arteries  with  any  kind  of  fine  size, 
and  if  such  an  injection  is  successful,  the  whole  capillary  net-work  of  the  cortex 
and  pyramids  is  also  filled  ;  and  then  this  part  of  the  circulatory  apparatus 
can  be  very  satisfactorily  observed  on  a  perpendicular  section.  It  is  also 
well  to  examine  kidneys  injected  from  the  veins,  in  which  only  the  capillary 
net-work,  but  not  the  glomeruli,  are  filled ;  and  for  the  study  of  the  vasa 
efferentia  from  the  arteries,  preparations  not  completely  filled  with  injection 
are  to  be  used.  The  course  of  the  urinary  tubules  is  to  be  studied  on  fine 
sections  of  kidneys,  hardened  first  in  alcohol,  then  by  boihng  in  diluted 
nitric  acid  and  drying  ( Wittich),  on  kidneys  hardened  in  chromic  acid,  and 
afterwards  rendered  clear  by  acetic  acid :  or  the  tubules  may  be  studied  on 
sections  made  by  the  double  knife  on  fresh  or  injected  kidneys ;  and  on  these 
sections  we  may  recognise  the  important  fact  of  the  division  of  Bellinian 
tubules.  Still  it  is  always  useful  to  inject  the  uriniferous  tubes,  and  for  this 
object  the  kidney  of  the  horse  is  better  adapted  than  that  of  any  other  mam- 
malian. Such  an  injection  may  be  produced  accidentally  by  extravasation  into 
the  Malpighian  capsules  in  the  process  of  injectmg  the  arteries ;  but  then, 
however,  seldom  more  than  the  tortuous  tubules  are  filled.  It  is  better 
to  inject  them  from  the  ureter  with  the  aid  of  the  air-pump  (Huschkb,  Isis, 
1826);  or  whilst  the  pelvis  of  the  kidney  is  kept  constantly  filled,  the  size 
may  be  forced  into  the  straight  tubules,  and  beyond  these  into  the  tubules 
of  the  cortex,  by  kneading  the  calyces  with  the  hand  {Cayla).  The  individual 
tubules  may  also  be  injected  directly  from  the  papilla  by  means  of  vei-y  fine 
canula). 

Literature. — Malpighi,  de  renitus,  in  Excrc.  de  vise,  struct.  Ah.  Schum- 
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1842,  I.,  p.  57.  C.  Ludwig,  Beiträge  zur  Lehre  vom  ßlechanismus  der  Hartise- 
cretion,  Marburg,  1843  ;  and  Art.  Niere  in  Wagner's  Handm.  IL,  p.  628.  J, 
Gerlach,  in  Müll.  A7^chiv.,  1845  and  1848.  Köllikek,  in  Müll.  Archiv.,  1845. 
Remak,  in  Fror.  N.Not.,  No.  768,  1845,  p.  308.  F.  Bidder,  in  Müll.  Archiv., 
1845  ;  and  Untersuchungen  über  die  Geschlechts-  und  Harnwerhzeuge  der 
Amphibien,  Dorpat,  1846.  J.  Hyrtl,  in  Zeitschrift  d.  Wien  Aertze,  1846. 
C,  V.  Patruban,  Beiträge  zur  Anatomie  der  menschlichen  Niere,  in  Prag. 
Viertelj.,  1847,  III.  G.  Johnson,  Art.  Beii,  in  Cycl.of  Anat.,  May,  1848.  V. 
Cards,  in  Zeitschr.  f.wiss.  Zool.,  IL,  p.  61  ;  v.  Wittich,  in  Arch.  f.  path.  Anat., 
III.,  i.,  1849;  V.Hessling,  in  Fror,  Not.,\%£^^,  p.  264,  and  Histologische 
Beiträge  zur  Lehre  von  der  Harn-secretion,  Jena,  1851.     Frerichs,  Die 
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Brighfsche  Nierenliran'kheit,  1851.  A.  Lang,  De  adipe  in  urina  et  rcnihii 
contcnto.  Dorp.,  1852,  Diss.  V.  Ellis,  0)i  the  Muscular  Structures  in  the 
Urinary  and  certain  of  the  Generative  Organs,  Med.  Chir.  Trans.,  1857,  p.  327. 
ViRCHOW,  Bern.  il.d.  CircuUtionsverh.  in  den  Nieren,  Archiv,  für  yathol.  Anat. 
XII.,  p.  310.  C.  E.  Isaacs,  On  the  Minute  Anatomy  of  the  Kidney,  from  the  New 
York  Journal,  in  Schmidt's  Jahresler.,  1857,  p.  155.  A,  Ecker's  Icon.  Phys., 
Tab.  Vlll.— Besides  the  foregoing,  the  well-known  Handbooks  of  Anatomy 
should  be  consulted,  especially  those  of  Henle,  Müller,  and  myself ;  also  the 
writings  of  Valentin  and  Rathke  on  the  Development  of  the  Gland  (Rathke, 
Abh.  z.  Entw.,  II.,  p.  97.  J.  Müller,  De  Gland  sec.  struct.)  ;  and  lastly. 
Reichert,  in  the  Jahresberichte  of  1846  and  1849. 


Of  the  Suprarenal  Capsules. 

§  191.  The  suprarenal   capsules,  glandules   suprarenales,  are 
double  organs,  which  in  structure  are  most  nearly  allied  to  the 
vascular  glands.  Their  function  is  entirely  unknown.  Each  supra- 
renal capsule  possesses  a  pretty  firm  but  thin  investment  of  con- 
nective tissue,  which  surrounds  the  whole  organ,  and  is  connected 
by  numerous  processes  with  the  ^vo^ev  parenchyma.    This  is  com- 
posed of  a  cortical  and  medullary  substance.    The  former,  subst. 
corticalis,  is  rather  dense,       to  i'"  thick,  tearing  slightly  in  the 
direction  of  the  thickness,  and  presenting,  when  torn,  a  fibrous 
appearance.     Its  colour  is  for  the  most  part  whitish-yellow  or 
yellow,  usually  passing,  however,  in  the  innermost  third,  into 
brownish -yellow  or  brown,  so  that  we  distinguish  upon  section 
two  layers,  an  exterior,  broad,  lighter  layer,  and  an  interior  nar- 
row, dark  edge.    The  medullary  substance  is,  in  its  normal  con- 
dition paler  than  the  cortex,  being  greyish-white  with  a  reddish 
tinge ;  still,  when  its  numerous  veins  are  filled  with  blood,  it  may 
assume  a  darker  and  more  venous  colour.    Its  consistence  is  less 
than  that  of  the  cortex,  yet  not  so  very  much  so  as  is  usually 
believed.     In  amount  it  is  very  inconsiderable,  being  no  more 
than      to       thick  at  the  borders  and  at  the  superior  external 
extremity  of  the  organ,  increasing  to  1'"  or  even  1^"  in  the  mid- 
dle and  at  the  inferior  internal  half.    In  man,  the  cortical  sub- 
stance separates  in  the  dead  body  extremely  readily  from  tbc 
medullary  substance,  and  the  suprarenal  capsule  then  contains  a 
cavity  which  may  occupy  the  entire  organ.    In  this  cavity  there 
is  contained  a  dirty  grumous  material  mingled  with  blood,  and 
coming  from  the  half-disintegrated  brown  layer  of  the  cortex. 
Along  with  this,  unaltered  medulla  is  also  found,  but  this,  too,  in 
rarer  cases,  is  likewise  broken  down. 
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§  192.  Intimate  Structure. — The  cortical  substance  consists  of 
a  framework  of  delicate  interlacing  fibres  of  connective  tissue^  which 
are  connected  with,  and  proceed  from,  the  envelope,  and  traverse 
the  cortical  substance  in  the  form  of  thin  laminae,  united  with  each 
other.  These  lamina  constitute  the  walls  of  little  compartments, 
which  are  in  a  very  large  number  and  closely  arranged,  measuring 
0*016"' to  0*0 2'"  or  even  0'03''' in  breadth,  and  running  perpen- 
dicularly from  without  inwards,  through  the  whole  thickness  of 
Fig  174.  the  cortex.  In  these  compartments  lies 

a  granular  material,  which  is  divided 
by  delicate  dissepiments  of  connec- 
tive tissue,  running  obliquely  or  trans- 
versely into  larger  and  smaller  groups. 
These  are  described  by  Echer  as  gland- 
tuhes,  and  as  containing  within  a  struc- 
tureless coat  a  granular  material  inter- 
mingled with  nuclei  and  cells.  I  prefer 
to  give  these  elements  merely  the  name 
of  cortical  cylinders,  as  in  most  of  tliem 

A  piece  of  a  perpendicular  section  I  liaVC  SCCU  nothing  clsC  than  rOUudisll 
through  the  cortex  of  tlie  human  ■,  hp  aw  ///■  • 

suprarenal  capsule,  a.  rartitions  of  angular  CelJs  01  0*000  tO  0*012  in 
connective  tissue  ;  ö. cortical  cylinder,  ^ 

whose  cellular  composition  is  more  diameter  ;  aiid  i  bciieve  that  Ecker  has 

or  less  distinct ;  mag.  300  times.  •■  .     ,         ,    ,  , 

been  induced  by  the  rare  occurrence 
of  true  tubes  (whose  significance  I  shall  immediately  discuss),  to 
regard  the  compact  aggregation  of  the  above-mentioned  cells 
occurring  in  the  interior  of  the  cortex  also  in  the  light  of  special 
tubes.  The  truth  appears  to  be,  that  the  cells  are  more  isolated 
in  those  compartments  which  adjoin  the  inner  or  the  outer  surface 
of  the  cortex ;  while  in  the  compartments  of  the  interior  of  the 
cortex,  the  cells  are  firmly  united  in  the  form  of  oval  or  cylindrical 
masses  (0*024'''  to  0*048'"  in  length),  in  which  the  outlines  of  the 
cells  frequently  coalesce  into  a  single  general  contour.  I  have, 
however,  never  succeeded  in  finding  any  other  envelope  enclosing 
the  cells  than  the  connective  tissue,  Avhich  is  met  with  in  the  other 
compartments,  and  I  almost  always  have  succeeded,  by  pressure  or 
the  addition  of  alkalies,  in  isolating  the  cells,  without  any  special 
tube  coming  into  view.  Hitherto,  I  have  observed  true  tubes  only 
in  the  internal  parts  of  the  cortex,  as  round  or  oval  vesicles,  0*02"' 
to  0*03'"  in  size,  in  the  interior  of  which  no  cells,  such  as  form  the 
cortical  cylinders,  were  to  be  recognised,  but  only  an  aggregation 
of  fat  globules,  and  these  tubes  I  am  inclined  to  consider  as 
enlarged  cells.     The  contents  of  the  cells  of  the  cortex  consist 
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normallv  of  fine  granules  of  a  nitrogenous  substance;  to  winch 
howev  'tire  are  almost  always  added  separate  fat-granules,  and 
hTse  n  many  eases  (when  the  cortical  substance  is     low),  are  pre- 
en tn  such  numbers  that  they  completely  fill  the  cells,  wh>ch  then 


Fig.  175. 


From  the  suprarenal  capsule  of  man.  a 
five  cells  filled  with  pals  contents  from  the 
apex  of  a  cortical  cylinder ;  b.  pigment-cells 
from  the  innermost  lamina  of  the  cortex ;  c. 
fatty  cells,  from  a  yellow  cortical  lamina;  a.  a 
large  cyst  filled  with  fat  from  such  a  cortex 
(gUnd-tube,  Ecker) ;  e.  cells  from  the  medul- 
lary substance,  some  with  processes.  Mag- 
nified 350  diameters. 


closely  resemble  the  liepatic  cells 
of  a  fatty  liver.  In  tlie  brown 
layer  of  the  cortex,  the  cells  are 
completely  filled  with  brown 
pigment  granules. 

The  medullary  substance  has 
likewise  its  stroma  of  connective 
tissue,  which,  as  a  continuation  of 
the  cortical  laminse,  traverses  the 
whole  interior  with  delicate  bun- 
dles, and  presents  a  net-work  of 
tolerably  close,  roundish  meshes. 
In  these  meshes  lies  a  pale  finely 
granular  substance,  in  which  in 
man,  I  have  almost  always  ob- 
served on  careful  treatment,  and 
in  fresh  preparations,  pale  cells, 
o  008'"  to  o  0,6"'  in  diameter.    The  contents  of  these  cells  are 
finely  granular,  sometimes  with  a  little  fat  or  some  pigmen 
granules;  the  cell-nuclei  are  frequently  very  beautiful,  and  have 
We   nucleoli.     The  form  of  the  cells  is  angular,  and  they 
occasionally  exhibit  processes  from  their  sides,  one  or  more  m 
Zber,  and  sometimes  branching.     AH  these  -c-— 
give  these  cells  a  strong  resemblance  to  the  nerve-cclls  of  tl«. 
Lrvous  centres,  though  the  two  cannot  with  certamty  be  re- 
P-arded  as  identical. 

o 

6  in.  Vessels  and  i\r«^„,,._The  blood-vessels  of  the  suprarenal 
capsules  are  numerous ;  they  lie  in  the  stroma  of  connective  tissue, 
and  trm  two  kinds  of  capillary  net-works  -  the  one  m  the  cortex 
w-th  elongated  meshes,  the  other  in  the  medulla  with  roundish 
terspaecs.    The  arteries  arise  as  numerous  small  trunks  from 
tfe  neighbouring  larger  arteries  (from  the  phreme,  e<.liae  and  rena 
'  sels,  and  from  the  aorta);  they  frequently  number  as  many  as 
twen  y  and  are  distributed  in  part  by  penetrating  directly  into 
tÄulla,  partly  by  ramifying  in  the  cortex.    The  latter  vessels 
are  more  numerous  and  much  ramified;  they  cover  the  outer 
surface  of  the  organ,  and  form  a  fine  capillary  net-work,  even 
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before  they  leave  the  envelope.  Then,  breaking  up  into  numerous 
fine  twigs,  they  dip  into  the  septa  of  connective  tissue  in  the 
cortex,  and  run  in  these  directly  towards  the  medulla.  In  their 
course  they  become  smaller  and  smaller,  and  are  connected  to- 
gether by  numerous  transverse  anastomoses,  so  that  the  cortical 
cylinders  are  surrounded  by  blood  on  all  sides.  The  extremities 
of  these  vessels  extend  into  the  medulla,  and  form  in  it  a  dense 
capillary  net-work  of  somewhat  larger  vessels,  by  anastomosing 
with  the  arteries  which  pass  into  it  directly  (some  of  which,  how- 
ever, in  the  sheep,  according  to  Nagel,  pass  quite  out  of  the  medulla 
back  into  the  cortex).  The  veins  arise  chiefly  from  the  latter 
capillary  net-work,  and  unite  within  the  medullary  substance  to 
Fig.  176.  form  the  principal  vein  of  the  organ — the 

vena  suprarenalis  —  which  passes  out  at  the 
anterior  surface  from  the  so-called  liilus,  and 
opens  on  the  right  side  into  the  vena  cava, 
and  on  the  left,  into  the  renal  vein.    A  con- 
siderable number  of  small  veins  also  pass 
out  of  the  cortex,  and  these  partly  accom- 
pany the  arteries  in  pairs,  and  open  into  the 
renal  and  phrenic  veins,  and  into  the  vena 
cava.     As  for   lymphatic  vessels,  I  have 
hitherto  only  seen  some  trunklets  on  the 
surface  of  the  organ,  but  none  in  the  interior 
or  coming  from  it. — The  nerves  of  the  supra- 
renal capsules,  as  Bergmann  correctly  stated^ 
are  extremely  numerous,  and  come  from  the 
semilunar  ganglion  and  the  renal  plexus; 
according  to  Bergmann,  a  small  part  comes 
also  from  the  vagus  and  phrenic.    In  man, 
I  counted  thirty-three  nervous  trunks  on 
the  right  suprarenal  capsule,  eight  having  a 
diameter  of      to-^^^'"-  five,  from  J-/"  to  -J/'; 
seven  measuring        to  J/';  and  thirteen, 
4V  to        in  diameter ;  and  found  them  to 
consist  almost  without  exception  of  dark 
fine  and  of  medium  thickness ;  some,  how- 
ever, actually  of  the  thicker  kind.    In  colour  they  were  whitish 
or  white,  and  were  studded  with  separate  ganglia  of  various  size. 
The  nerves  pass  to  the  organ,  especially  at  the  lower  half  and  at 
the  internal  border,  and  all  appear  to  be  destined  for  the  medul- 
lary substance;  here  we  always  find  (at  least  in  the  lower  mam- 


Transverse  section  of  tlic 
suprarenal  capsule  of  the 
calf,  magnified  about  15 
times,  and  treated  with 
caustic  soda.  a.  cortex  ;  b. 
medulla  ;  c.  central  vein 
surrounded  by  some  cortical 
substance  ;  d.  three  entering 
nervous  trunks;  e.  nerves, 
and  their  distribution  in  the 
interior. 


bordered  nerve-tubej 
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malia)  an  extremely  ricli  net-work  of  dark-bordered,  fine  tubes 
enclosed  in  the  trabeculse  of  connective  tissue,  altliough  tlieir  ter- 
minations are  nowhere  perceptible.  In  man,  the  medulla  is  so 
altered  that  the  nerves  can  be  traced  only  to  their  entrance  into 
it,  and 'their  further  distribution  it  has  not  hitherto  been  possible 
to  ascertain. 

§  194.  Physiolocjical  Remarks. —"^h^  suprarenal  capsules  are 
developed  contemporaneously  with  the  kidneys,  and  independently 
of  them,  from  a  blastema,  which  arises  from  the  middle  germinal 
lamina  [Remah),  and  about  the  first  appearance  and  growth  of  which 
nothing  is  known.    These  organs  are,  at  first,  larger  than  the 
kidneys;  but  in  the  third  month,  they  are  equal  to  the  kidneys 
in  size ;  in  the  embryo  of  six  months,  the  weight  of  the  suprarenal 
capsules  is  to  the  kidneys  as  2  to  5 ;  in  the  mature  foetus,  as  i  to 
3  •  in  the  adult,  as  i  to  8  [Meckel).    In  the  lower  mammaha,  the 
suprarenal  capsules  are  from  the  commencemeut  onwards  smaller 
than  the  kidneys,  and  grow  in  the  same  ratio  as  the  latter.  Very 
little  is  known  concerning  the  histological  development  of  the 
organ     I  have  investigated  it  hitherto  only  in  an  embryo  of  three 
months,  where,  like  Ecker,  I  found  the  cortex  whitish,  the  medulla 
reddish-white,  and  both  consisting  of  cells  and  fibres.    The  cells 
measured  0-012'''  to  0-02'"  in  diameter;  they  had  beautiful,  m 
part  colossal,  nuclei,  with  splendid  nucleoli,  as  well  as  fat  mole- 
cules in  the  cells  of  the  cortex.    I  have  not  yet  seen  anything  of 
the  development  of  the  nerves.    Ecker  saw  nothing  of  the  tubes 
in  a  newlv-born  rabbit,  but  found  them  very  distinct  in  a  calf 
embryo,  il  feet  in  length;  but  they  were  small,  measuring  only 
0  05  to  0-15  of  a  milhmetre. 

In  the  absence  of  all  physiological  data,  and  in  our  ignorance  of 
the  exact  distribution  of  the  nerves  within  the  organ,  any  remarks 
on  the  functions  of  the  suprarenal  capsules  must  at  present  be  of 
the  most  general  nature.  I  will  only  remark,  that  I  regard  the 
cortical  and  medullary  substances  as  being  physiologically  different. 
The  former  may,  for  the  present,  be  classed  with  the  so-called 
vascular  glands,  and  some  relation  to  secretion  may  be  ascribed  to 
it;  whilst  the  latter,  on  account  of  its  unusual  richness  m  nerves, 
must  be  considered  as  an  apparatus  belonging  to  the  nervous 
system,  in  which  the  cellular  elements  and  the  nervous  plexuses 
either  'influence  each  other  in  a  similar  manner  as  in  the  gray 
nervous  substance,  or  are  related  to  each  other  m  some  other  way 
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not  yet  ascertained  (see  my  Äficr.  ÄnaLll.,  2,  p.  384).  It  is  pro- 
bable, that  a  more  accurate  chemical  examination  of  the  organ 
might  furnish  more  precise  conclusions.  Already  we  learn  from 
Vulpian  of  a  substance  obtained  from  the  cortical  substance,  which 
has  a  beautiful  rose  colour  in  its  watery  solution,  and  turns  green 
on  the  addition  of  the  persalts  of  iron.  According  to  this  author, 
hippuric  and  taurocholic  acids  also  are  to  be  found;  and  Virchotc, 
besides  confirming  these  statements,  has  established  the  presence 
of  leucin  and  lecithin  (myelin  Virch.)  in  large  quantities. 

For  the  investigation  of  the  suprarenal  capsules,  those  of  the  larger  mam- 
malian animals  should  first  be  chosen,  and  then  those  of  man.  The  cortex 
is  easy  to  investigate  when  its  elements  contain  little  fat ;  and  fine  perpen- 
dicular sections  of  the  body  may  be  studied  either  in  the  fresh  organ,  or  in 
one  that  has  been  hardened  in  alcohol  and  chromic  acid,  and  rendered  clear 
by  acetic  acid.  The  medullary  substance  breaks  down  very  readily  even  in 
animals,  so  that  its  elements  are  not  at  all,  or  are  only  partially  visible  in 
their  normal  condition,  still  they  may  occasionally  be  very  beautifully  seen 
without  further  trouble  in  the  recent  organs,  as  well  as  in  chromic  acid  pre- 
parations. The  nerves  are  extremely  easily  found  on  fine  sections  of  the 
capsule  in  animals,  after  the  addition  of  caustic  soda ;  and  when  the  section 
is  made  exactly  at  their  place  of  entrance,  their  passage  through  the  cortex 
can  be  readily  brought  into  view.  In  order  to  examine  the  vessels,  injections 
must  be  made  (best  in  the  sheep  or  sucking  pig),  which  readily  succeed,  both 
from  the  arteries  and  the  veins,  as  these  latter  are  not  furnished  with 
valves. 

Literature. — Nagel,  Diss,  sistens  ren.  suee.  mammal,  descrijjt.,  Berol,  1838; 
and  MijLL.  Archiv.,  1836.  C.  Bergmann,  Diss,  de  glandulis  suprarenal,  c.  tab., 
Gött.,  1839.  A.  Ecker,  D^T  y6'm£;r£?  Bau  der  Nebennieren  heim  Menschen  u. 
den  4  Wirhelthierclassen,  Braunschweig,  1846  ;  and  Art.  Blutgefässdrüsen, 
in  Wagn.  Ilandw.  d.  Phys.,  yoI.  iv.,  1849.  H.  Frey,  Art.  Suprarenal  Capsules, 
in  Todd's  Cyclop,  of  Anat.,  Oct.,  1849.  Leydig,  in  Beitr.  Z.  Anat.  de  Rochen, 
etc.,  1852  ;  and  in  Anat.  Unt.  v.  Fischen  und  Kept.,  1853.  B.  Werner,  Be 
Caps.  Supraren.,  Dorp.,  1857,  Biss.  Vulpian,  in  Gaz.  3Ied.,  1856,  p.  676  ;  and 
1857,  p.  84.  Gaz.  HeM.,  1857,  p.  665.  K  VmcROW,  Zur  Chemie  der  Neben- 
nieren, in  Archiv.,  xii.,  1857,  p. 481.  G.  Harley,  The  Histology  of  the  Supra- 
renal Capsules,  Lancet,  5th  and  12th  June,  1858. 
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OF  THE   SEXUAL  ORGANS. 
A.    Male  Sexual  Organs. 
6  iQ<  The  male  sexual  organs  consist,  i,  of  the  testicles,  two 
ohmds  for  the  secretion  of  the  semen,  which,  with  their  special 
envelopes,  the  üunc^  vaginales,  are  contained  in  the  scrotum ; 
2  of  the  excretory  ducts  of  those  glands,  the  vasa  cleferenUa^^ud. 
eiaculatory  ducts,  together  with  their  appendages,  the  vesrcrd. 
Lunales;    3,  of  the  organs  of  copulation    tlie  penis  and  it 
muscles;  4,  lastly,  of  special  accessory  glands,  the  prostate  and 
Cowper's  glands. 

cS  iq6  The  testicles,  testes,  are  two  true  glands,  with  a  special 
covering,  the  tunica  alhnginea  or /6ros a,  in  which  are  coiitamed 
the  secreting  elements  in  the  form  of  tortuons  tubes,  the  tubuh 
seminiferi.  The  envelope  (fig.  177.  ^)  ^«  ^  ^^^^^^  membrane  dense 
and  thick,  whose  structure  is  precisely  similar  to  that  of  other 
fibrous  membranes,  especially  resembling  the  dura  mater  it 
forms  a  closed  capsule,  which  everywhere  invests  the  parenchyma 
of  the  testicle.  Its  outer  surface  is  smooth  and  shining  trom  a 
special  covering  {tunica  adnata),  except 
where  the  epididymis  is  applied  to  the 
testicle ;  whilst  the  inner  surface  is  con- 
nected by  a  thin  layer  of  loose  connective 
tissue  with  the  substance  of  the  testicle, 

and  penetrates  also  into  the  interior  of 

the  gland  by  means  of  a  considerable 

number  of  processes.    Among  these,  the 

most  important  is  the  corpus  Highmori 

s.  mediastinum  testis,  which  passes  from 

the  posterior  border  of  the  testicle  for 

about  3  to  4  lines  into  the  interior ;  it  is  a 

perpendicular  lamella  of  dense  connective 

tissue,  r  to  i'"  in  length,  and  of  con- 
siderable thickness  at  its  origin  (fig.  177, 

/i).     Besides  this,  there  are  numerous 

smooth  processes,  septula  testis  (fig.  1 77, 0), 

consisting  of  loose  connective  tissue,  which 

arise  from  the  entire  inner  surface  of 

the  tunica  albuginea.     They  divide  the 

gland  into  parts,  and  also  serve  to  support  the  vessels;  tney 

converge  from  all  sides  towards  the  corpus  Highmori,  and  attach 


11 
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Transverse  section  through 
the  right  Imman  testicle  and  its 
coats,  a.  vaginalis  communis ;  b. 
vaginalis  propria,  outer  lamella  ; 
c.  cavity  of  the  propria,  whicli 
is  absent  during  life;  d.  inner 
lamella  of  the  propria  (adnata) 
blended  with  e,  the  albuginea; 
/.  passage  of  the  propria  upon 
tlie  epididymis  g  ;  h.  corpus  High- 
morianuvi ;  Hi.  branches  of  the 
spermatic  artei-y  ;  Jc.  internal 
spermatic  vein  ;  I.  vas  deferens  ; 
m.  arteria  deferentialis ;  n.  lobuli 
testis ;  o.  septula. 
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themselves  to  the  borders  and  surfaces  of  it^  by  pointed  ex- 
tremities. 

The  glandular  substance  of  the  testicle  is  not  homogeneous 
throughout,  but  consists  of  a  certain  number  (100  to  250)  of  pear- 
shaped  lohules,  lobuli  testis,  which  are  not  completely  separated 
from  each  other ;  these  converge  by  their  apices  towards  the  corpus 
Highnori ;  the  shortest  lobules  are  those  which  lie  by  the  side 
of  the  septum,  and  the  longest  pass  between  the  opposite  borders 
of  the  organ  (fig.  177,  n).  Each  of  these  lobules  is  formed  by 
one,  two,  or  three  seminal  tubules,  tuhuli  s.  canaliculi  seminiferi, 
^"  to  in  thickness,  which  divide  pretty  frequently,  and  per- 
haps anastomose  in  their  course.  Taken  together,  they  thus  form 
Fig.  178.  a  compact  mass,  in  which  the  separate  tubules 
terminate  towards  the  thick  end  of  the  lobule, 
either  in  its  interior  or  at  its  surface,  by  closed 
extremities  or  by  loops  (fig.  178).  The  seminal 
tubules  of  a  lobule,  although  connected  with  each 
^  other  by  some  connective  tissue  and  vessels,  can 
still  be  isolated  to  a  great  extent,  or  even  entirely, 
by  careful  dissection,  and  the  length  of  one  of 
them  is,  according  to  Lauth,  13  to  33  inches. 
At  the  pointed  end  of  each  lobule,  the  seminal  tu- 
bules become  more  straight,  and  then  pass  into  the 
base  of  the  corpus  ITigJimori,  either  separately  or 
Diagram  of  the         ^hc  uuion  of  thc  2  to  "2  comiug  from  a  lobule, 

course  of  a  seminal         <J  J)  o  ' 

tiitouie.  to  form  one  tube  of  ^V"  in  diameter.    These  have 

received  the  name  of  ductuli  recti,  and  they  form  a  very  dense  plexus, 
the  rete  testis  (rete  vasculosum  Ilalleri),  2  to  3  lines  broad,  and  i^'"' 
thick,  extending  throughout  the  entire  length  of  the  organ.  At  the 
upper  end  of  this  plexus,  the  tubules  measure  from  0'03'"  to  0  08''', 
and  from  them  arise  the  excretory  seminal  tubules,  vasa  efferentia 
testis  s.  Graafiana.  These  are  from  7  to  1 5  in  number,  and  measure 
o- 1 6"' to  o- 1 8'"  in  diameter.  After  penetrating  the  tunica  albu- 
ginea,  they  pass  on  into  the  epididymis,  and  here  they  become 
attenuated  to  to  yV"  in  diameter,  and  again  become  convoluted 
in  the  same  way  as  the  seminal  tubules  within  the  lobules  of  the 
testis.  They  do  not,  however,  form  divisions  and  anastomoses, 
but  each  of  the  vasa  efferentia,  in  its  convoluted  course,  forms  a 
body,  Conus  vasculosus  (s.  corpus  pyramidale) ,  whose  apex  is  di- 
rected towards  the  testicles.  These  coni  vasculosi,  connected  with 
each  other  by  connective  tissue,  compose  the  head  of  the  epidi- 
dymis, and  from  their  tubules,  which  gradually  coalesce  with  each 
other  at  the  posterior  and  upper  border  of  the  epididymis,  there 
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then  arises  the  simple  canal  of  the  epididymis,  which  measures 
o-i6'"to  0-2'"  in  thickness.  This  canal,  wound  m  a  well-known 
manner,  forms  the  body  and  tail  of  the  epididymis,  and  usually 
gives  off  from  its  lower  end  a  csecal  process  aherrans  of  Halle r). 
It  then  passes  into  the  seminal  duct,  which  is  at  first  convoluted, 
and  only  to  wide,  but  soon  becomes  straight  and  f  to  i  ' 
in  diameter.  The  epididymis  also  possesses  a  fibrous  coat  of 
greyish- white  colour,  but  this  is  very  thin  (V''). 

§  197.  Structure  of  the  Seminal  Tubules,  Sperma,— "The  seminal 
tubules  have  a  more  solid  wall  in  proportion  to  their  diameter 
than  other  glandular  canals,  and  they  consist  of  a  fibrous  coai  and 
an  epithelium.  The  former  has  an  average  thickness  of  0-003'"  to 
0-004'^  but  ranges  between  0-0024'"  and  0-005"'.  It  is  composed 
of  connective  tissue,  indistinctly  fibriUated,  with  longitudinal  nuclei, 
no  muscular  fibres,  and  rarely  with  any  indication  of  elastic 
fibril!^  :  it  is  pretty  firm  and  extensile.  A  simple  layer  of  round- 
ish or  polygonal  cells,  0*005"'  to  o'OoS'"  iis-ivx 
in  diameter,  with  an  occasional  indication  - 
of  a  membrana  propria  beneath  them, 
lies  upon  the  inner  surface  of  the  tube, 
and  completes  the  glandular  canal, 
whose  wall  thus  becomes  of  0*007"'  to 
o-oi"'  in  its  total  thickness.    In  young 

persons,  these  cells  are  pale  and  finely  ;         "  J 

granular;  but  in  older  persons,  more  and    \"  ^"^  2^«t| 

more  fat  granules  collect  in  them,  and  ji-  ,*--^T 
these  soon  occasion  a  slightly  yellowish  ^        '  'i 

or  even  brownish  colour  of  the  seminal      ^^^^^.^^^^  ^^^^^^^  ^^^^^ 
tubules.   This  condition  of  the  tubules  is 

very  frequent  even  in  men  of  middle  age,    J-^S^  JtSnefc'IS^he! 


lium. 


and  is  invariably  found  in  old  persons. 
The  ductuli  recti  possess  the  same  structures  as  the  tubules 
of  the  testicle;  on  the  other  hand,  in  the  rete  testis,  a  special 
fibrous  coat  cannot  be  distinguished,  the  canals  here  appearing 
more  like  spaces  lined  with  epithelium  in  the  dense  fibrous  tissue 
of  the  corpus  Highmori.  In  the  coni  vasculosi,  the  fibrous  coat 
again  makes  its  appearance,  and  soon  there  is  added  a  layer  of 
smooth  muscular  fibres,  which  run  in  a  transverse  and  longitudinal 
direction,  and  are  recognisable  in  canals  of  i"'  to  V"  in  diameter. 
The  thicker  parts  of  the  canal  of  the  epididymis  are  constructed 
exactly  like  the  vas  deferens  (q.  v.).  The  epithelium  lining  the  epi- 
didymis has  hitherto  been  regarded  as  a  simple  layer  of  cylindrical 
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colls,  but  recently,  0.  Becker  has  mndc  tlio  interesting  observation, 
that  the  chief  part  of  this  epithelium  is  of  the  ciliated  variety. 
1  have  found  the  statements  of  this  observer  to  be  fully  confirmed, 
in  all  essential  respects,  by  an  examination  of  the  testicles  of  a 
suicide.  Here,  in  the  vasa  eÜerentia,  was  seen  a  simple  epithelium 
\yith  cylindrical  or  conical  cells  [o-oi'"  to  O'ois'"  long),  brownish 
nuclei  in  their  interior,  and  cilia  of  0*003'"  to  o'004  '  long.  In 
the  coni  vasculosi  the  cells  were  similar,  but  somewhat  longer, 
and  the  ciUated  edge  was  0-005'"  broad.  At  the  entrance  to  the 
canal  of  the  epididymis,  extending  as  far  as  its  middle,  there 
appeared  a  single  layer  (Becher  says  several  layers)  of  epithelium, 
whose  cells  were  cylindrical,  of  enormous  length  (o-02'"  to  0-025'"). 
with  delicate  dark  nuclei  placed  below  the  middle  of  the  cell ;  the 
cilia  were  often  grouped  in  tufts,  and  were  as  long  as  0  01"  to 
0  015"'.  In  the  middle  of  the  epididymis,  I  remarked  a  few 
scattered  cells  of  this  sort,  but  I  could  not  convince  myself  that 
these  had  not  come  oif  from  a  part  higher  up,  especially  as  shorter 
cells  without  cilia  were  also  found  here.  Cells,  similar  to  those 
last  mentioned,  were  contained  also  in  the  tail  of  the  epididymis, 
and  iu  the  beginning  of  the  vas  deferens,  only  that  many  of  those 
in  the  last  situation  showed  a  clear  margin  of  greater  width.  I 
saw  no  ciliary  action  in  this  case ;  but  I  have  satisfied  myself  of  its 
existence  in  the  lower  mammalia,  and  I  can  confirm  the  observation 
of  Becher,  who  saw  it  in  the  human  testis  after  extirpation,  that 
the  direction  of  this  action  is  towards  the  vas  deferens. 

The  contents  of  the  seminal  tubules  are  not  the  same  at  all  pe- 
riods of  life.  In  boys  and  young  animals,  there  are  found  in  tlie 
narrow  tubules  nothing  but  small  clear  cells,  the  outermost  of  Avhich 
may  be  regarded  as  epithelial,  though  they  are  not  always  clearly 
distinguished  from  the  others.  At  the  period  of  sexual  maturity, 
the  elements  contained  in  the  seminal  tubules  increase  in  size  simul- 
taneously with  the  enlargement  of  the  latter,  and  when  the  formation 
of  the  semen  is  actually  established,  they  appeal'  as  clear,  round  cells, 
0-005'"      ^'^Z"')  ^y^^^  which  inclose  a  variable  number  (i 

to  10  or  even  20,  according  to  their  size,  fig.  181,  a)  of  clear 
nuclei,  0-0025'"  to  0-0035'"  in  diameter,  with  nucleoli.  In  many 
cases,  an  epithelium  is  not  distinguishable  at  this  period,  the 
seminal  tubules  being  wholly  occupied  by  the  above-mentioned 
cells ;  at  other  times,  and  more  especially  in  those  advanced  in 
years,  it  is  present,  and  then  consists  of  fatty  or  pigmentaiy  cells, 
which  siu-round  the  other  elements.  These  cells  now,  in  whatever 
manner  they  appear,  are  the  precursors  of  the  semen,  which,  in 
the  mature  condition,  is  made  up  of  an  extremely  small  quantity 
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of  a  viscid  fluid,  and  innumerable  sinall,  linear  corpuBcleH,  named 
tlic  spermatic  animalcules  or  spermatozoa  (spermatozoids),  which 
are  endowed  with  pee-uliar  movements.  These  i^o- 
spermatozoa  arc  perfectly  homogeneous,  soft 
corpuscles,  in  which  we  may  distinguish  a 
thicker  part,  the  hody  or  ?cead,  and  a  fili- 
form appendage,  called  the  thread  or  tail. 
The  former  is   flattened,   pyriform  wlicn 
viewed  from  the  side,  with  the  pointed  end 
directed  fonvards;  seen  from  the  surface,  it 
is  egg-shaped,  or  even  rounded  off  anteriorly, 
whilst  at  the  extreme  anterior  end,  it  is 
shghtly  hollowed  like  a  cup,  so  that  it  ap- 
pears at  ono  morncut  clear,  at  aiiotlicr  mo- 
ment dark  in  the  rn idd'c.     The  hody  is 
00016'"  to  0  0024"  ill  length,  o-ooo8'"  to 
O'oois'"  in  breadth,  o'ooos'"  to  o'OOoH  "  in 
thickness,  and,  according  as  it  lies  ui>hn  the 
surface  or  upon  the  edge,  its  appearance  is  clearer  or  darker 


\ 


Hnman  spermatozoa.  1. 
maf^nifie^l 350 time*;  2.  mag- 
nified ftOO  times,  a.  seen 
from  the  side;  &.  from  the 
surface. 
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alv.ays;  lias  a  peculiar 
fatty  lustre,  and  presents 
a  dark  contour,  especially 
when  vie'.ved  from  the 
side.  The  filament  is 
colourless,  and  measures 
on  an  average  o'^. 


It  is  fiat  anri 
its  greatest 
.  0-0003 


length. 

tapering 

width  is  o"0003'"  to 
0*00  0 5"'  at  the  end  near- 
est the  body,  the  union 
with  which  is  effected 
by  a   constricted  neck. 

Derelopmentof  the  spcmatic filaments  of  the  buIL   a    The  free  extremity  runS 

SÄSr'an^^Ä'i^:^--^^^  out  iuto  a  vciT  fine  point, 

the  DTicM  developing  into  HT-  nÄ'Sl  scarcely  VLSiblc  cven  by 

/.  a  filament  almost  completfc,                          tneotme  j  j 

posterior  clear  zone  in  it»  hoc;  :                     .  ^>ennato-  >,p;;f  jjQarrnifvmi?  nOVV  - 

zoa  from  the  epididymis,  one  seen  irorn  t.ifc  surface,  the  i-iiL  uc.,l  i^^,  )_ 

other  edgewise;  /jr.  sperm-cells  becoming  pjTifoiTn,  and  j  ^dfJorOUS  men, 

about  to  liberate  the  contained  spermatozoa.   Magnifiefl  4o0  «^i  ^-  b  > 

diameters.  the  semcu  in  the  whole 

course  of  the  spermatic  duct,  and  in  the  tail  of  the  epididymis,  is 
composed  of  these  corpuscles,  and  occasionally  of  separate  granules, 

nuclei  and  cells,  which  would  appear  to  be  here  accidentally  inter- 
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mingled  :  on  the  otlier  hand,  in  the  upper  part  of  the  epididymis,  and 
in  the  testicle  itself  other  elements  preponderate^  and  at  last,  as  we 
trace  the  semen  to  the  place  of  its  secretion,  these  cysts  and  cells 
come  to  form  its  sole  constituents.  The  sperm-cells  and  cysts,  as  I  call 
them,  have  a  certain  relation  to  the  spermatozoa,  and,  indeed,  as  I 
have  demonstrated  recently,  they  actually  give  origin  to  them  ;  one 
spermatozoon  develops  itself  from  each  of  their  nuclei,  the  nucleus 
becoming  elongated,  and  sending  out  a  thread  from  one  extremity. 
The  proper  seat  of  this  development  is  in  the  testicle  itself,  so  that, 
in  the  normal  condition  of  the  organ,  we  may  be  certain  of  find- 
ing in  its  internal  parts  developed  spermatozoa  in  their  mother- 
cells;  and  these  may  often  be  seen  in  all  the  seminal  tubules 
without  exception.  In  the  normal  course  of  development,  the 
spermatozoa  do  not  become  free  in  the  testicle  itself,  or  do  so  only 
in  very  small  numbers ;  hence,  the  seminal  tubules  are  far  from 
being  the  place  in  which  to  seek  the  spermatozoa  (although,  even 
here,  they  will  never  be  missed  when  water  is  added,  because,  by 
this  reagent,  the  enclosing  parts  are  raptured) .  The  spermatozoa 
should  rather  be  sought  in  the  rete  testis  and  coni  vasculosi,  for 
here  it  is  that  the  sperm-cells  burst.  The  spermatic  filaments, 
while  included  in  the  cell,  have  a  regular  arrangement  into 
bundles,  which  are  curved,  so  that  the  heads  and  the  tails  of  the 
filaments  come  together.  This  is  seen  when  there  are  many  (10 
to  20)  filaments  in  a  cell ;  when  they  are  present  in  smaller  num- 
bers, they  lie  across  each  other  without  any  regularity.  At  last, 
by  the  rupture  of  the  including  cells  and  cysts,  the  spermatozoa 
become  free,  and  entirely  fill  the  epididymis  in  dense  swarms; 
here  they  are  found  isolated  or  in  bundles,  the  latter,  however, 
speedily  breaking  up  into  their  components.  In  the  lower  part 
of  the  epididymis  the  whole  process  of  development  is,  as  a  rule, 
completed;  still  it  not  unfrequently  happens,  that  a  few  interme- 
diate forms  receive  a  further  development,  and  arrive  at  their 
complete  formation  only  when  they  reach  the  spermatic  duct.  It 
is  also  worthy  of  note,  that  the  spermatic  filaments,  when  they 
are  contained  singly  in  separate  cells,  frequently  give  to  the  cell 
a  peculiar  pyriform  outline  (fig.  181,  r/),  and  often  simply  break 
through  the  side  of  the  cell,  so  that  a  larger  or  smaller  fragment 
of  the  cell  remains  behind  in  the  form  of  a  ragged  cap  on  the  head 
of  the  spermatozoon,  or  of  a  round  appendage  on  its  tail :  we  may 
often  see  the  great  majority  of  the  spermatozoa  in  the  epididymis 
provided  with  such  appendages  on  their  tails,  and  these  may  be 
recognised  even  in  the  matured  semen. — For  further  details  on 
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the  spermatic  cells  and  tlieir  mode  of  development,  I  refer  to  my 
treatise  in  Zeitsclir.  f.  iviss,  Zool.  vii. 

Considered  as  a  whole^  as  it  is  found  in  the  vas  deferens,  the 
semen  is  a  whitish,  viscid,  odourless  material^  which  consists 
almost  entirely  of  spermatozoa,  with  an  extremely  small  quantity 
of  a  connecting  fluid  between  them.  The  chemical  composition 
of  this  pure  semen  has  not  yet  been  investigated  in  man ;  but  we 
learn  from  Frerichs,  that  in  the  semen  of  a  carp,  the  liquid  portion 
contains  a  small  quantity  of  alkali  in  combination  with  sulphuric 
and  phosphoric  acids ;  while  the  spermatozoa  consist  of  a  protein 
substance  (binoxide  of  protein,  Frerichs),  and  also  contain  4*05  per 
cent,  of  a  fat  resembling  butter,  and  5  21  per  cent,  of  phosphate 
of  lime.  I  myself  have  found  in  the  mature  semen  of  the  bull, 
water,  82"o6,  solids,  I7'94  per  cent..  The  latter  were  composed  of 
1 3' 1 38  albuminous  bodies  of  spermatozoa,  2*  165  of  phosphuretted 
fat,  and  2*637  of  salts.  The  emitted  semen  is  a  mixture  of  pure 
semen,  with  secretion  of  the  vesiculse  seminales,  prostate  and 
Cowper's  glands.  It  is  colourless  and  opalescent,  has  an  alkaline 
reaction,  and  peculiar  odour.  Immediately  on  emission,  it  is  viscid 
and  ropy  like  white  of  egg,  but  on  cooling  it  is  of  the  consistence 
of  jelly,  and  after  a  while  becomes  thin  and  fluid.  Microscopically 
examined,  the  spermatozoa  are  seen  to  be  contained  in  a  consider- 
able quantity  of  clear  fluid,  which,  on  the  addition  of  water, 
assumes  the  form  of  irregular  flakes  and  shreds ;  this  undoubtedly 
comes  chiefly  from  the  vesiculce  seminales.  This  gelatinising  sub- 
stance, which  Henle  designated  as  fibrine,  and  Lelimann  regards 
as  albuminate  of  soda,  has  received  from  Vauquelin  the  name  of 
spermatifi.  This  chemist  analysed  human  emitted  semen,  and 
found  six  per  cent,  of  this  substance,  partly  in  the  dissolved  form, 
partly  constituting  the  substance  of  the  spermatozoa.  The  other 
constituents  were  three  per  cent,  of  earthy  phosphate,  one  per  cent, 
of  soda,  and  the  remaining  ninety  per  cent,  water.  If  the  semen 
be  dried,  the  spermatozoa  are  usually  found  uninjured,  the  large 
quantity  of  lime  which  they  contain  enabling  them,  it  appears,  to 
resist  destruction.  Numerous  crystals  of  ammoniaco-magnesian 
phosphate  are  formed  in  the  dried  semen  among  the  spermatic 
filaments.  In  stains  of  semen,  even  after  a  long  period,  their 
filaments  can  be  recognized  on  the  addition  of  a  little  water;  they 
resist  decomposition  for  a  long  while  when  kept  in  water,  or  even 
in  a  putrefying  animal  liquid ;  thus  Do7in4  saw  them  in  putrid 
urine  which  had  been  kept  for  three  months.  It  is  stated  by 
Valentin,  that  they  even  retain  their  form  unchanged  when  heated 
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to  redness—The  following  results  were  obtained  by  an  examina- 
tltle  spermatic  filaments  of  the  bull.  Concentrated  ^^^^^^^^^^ 
acid  gives  a  yellowish  colour  to  the  semen,  but  m  t-enty-four 
hours'is  found  not  to  have  dissolved  the  ^P-^^^ozo  .     W  th 
grape-sugar  and  sulphuric  acid,  the  semen  becomes  a  puiphsh-rcd 
but  the  colour  only  affects  the  substance  between  the  filaments. 
sSoi  2ic  acid  colours  the  semen  yellow,  the  filaments  to  some 
dS  as  well  as  the  amorphous  portion,  but  beyond  a  shght 
sSinS  the  spermatozoa  undergo  no  other  change  from  tMs 
i  rent  m  twenty-four  hours.    Even  when  boiled  for  two  mmutes 
^ith  nitric  acid,  the  filaments  are        ^i-lved.  H^^c^^^^^^ 
acid  in  the  cold  produces  no  alteration  m  them  :  boded  wxth  tins 
acid  the  spermatozoa  remain  recognizable,  but  they  become  re- 
miably  pale,  and  their  tails  appear  shrivelled.    Boded  with 
Mülon's  reagent  (nitrate  of  mercury)  the  semen  assumes  a  more  or 
ks  deep  shfde  of  red,  and  the  filaments  themselves  are  somewhat 
coloured.    Glacial  acet.c  acid  produces  no  effect  either  m  the  cold 
or  after  prolonged  boiling,  and  the  spermatozoa  will  keep  fo 
we^  in  this  acid.    A  much  more  powerful  influence  han  hat 
If  the  acids  is  exerted  by  the  caustic  alkalies;  but  even  these  have 
!ery  little  power  in  the  cold,  whatever  the  strength  of  the  solution 
A  Cher  temperatures  the  filaments  dissolve,  the  tads  first,  and 
Sie  bodies  much  more  slowly,  and  it  takes  a  long  time  to  dissolve 
them  altogether,  even  when  the  solution  contains  fifty  per  cent,  of 
aSi     The  conclusion  from  these  reactions  is,  that  the  substance 
of  S;  spermatic  filaments  of  mammalia  {on  that  of  other  ver- 
tebrata  see  my  treatise  before  quoted)  is  not  a  body  of  an  albu- 
Smous'  Mature  but  rather  that  it  has  affinities  with  the  substance 
which  composes  the  wall  of  cell-nuclei  and  elastic  ßbrcs ;  it  is  Bot- 
however,  so  very  difficult  of  solution  m  caustic  alkah  as  the  elastic 

^^aiie  movements  of  the  spermatozoa  are  not  often  to  be  seen  in 
the  unmixed  semen,  as  it  is  too  concentrated  ;  they  usually  occur 
first  in  the  mixed  secretion  contained  m  the  vesicular  seminales 
and  in  emitted  semen,  or  they  are  seen  when  pure  semen  is  diluted. 
These  movements  are  effected  solely  by  alternate  cnrvmgs  together 
and  extensions  of  the  filiform  appendages,  constituting  a  serpen- 
tine  movement.  The  changes  of  position  thus  produced,  at  any 
rate  in  man  and  in  mammalia,  are  so  rapid  and  diverse,  crawdmg 
twisting,  and  twitching,  the  head  always  movmg  m  advance  of  the 
tlu  that  the  elements  of  semen  were  formerly  regarded  as  ani- 
malcules.   The  duration  of  the  movements  depends  upon  various 
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circumstances.  In  the  dead  body,  they  are  not  unfrequently 
observed  twelve  to  twenty-four  hours  after  death  {Valentin  once 
saw  slight  movements  after  eighty-four  hours).  In  the  female 
genitals  in  mammalia,  they  continue  to  move  even  after  seven  and 
eight  days.  Water  and  all  diluted  solutions,  render  the  move- 
ments more  active  at  first ;  but  they  soon  cease,  and  the  filaments 
not  unfrequently  roll  up  in  the  form  of  loops:  the  spermatozoa, 
however,  are  not  then  dead,  as  has  hitherto  been  believed,  for  they 
will  resume  their  activity,  as  I  have  proved,  on  the  addition  of  con- 
centrated solutions  of  salts,  sugar,  albumen,  or  urea.  All  animal 
fluids  of  an  alkaline  reaction  and  moderate  concentration,  are 
favourable  to  the  movement  of  the  filaments,  while  acid  solutions 
or  those  which  are  too  weak — such  as  urine,  sour  milk,  sour  mucus, 
diluted  bile — exercise  an  injurious  effect  upon  them.  Solutions 
of  substances  of  a  more  neutral  character,  such  as  sugar,  albumen, 
glycerine,  amygdalin,  or  urea,  are  harmless  if  they  are  of  a  me- 
dium degree  of  strength,  but  are  injurious  if  they  are  too  concen- 
trated or  too  diluted.  In  either  of  the  latter  cases,  the  suspended 
movements  can  be  restored  by  bringing  the  solution  to  a  suitable 
degree  of  dilution.  In  a  similar  way,  the  spermatozoa  are  effected 
by  the  neutral  salts  of  the  alkalies ;  common  salt  in  a  solution  of 
one  per  cent.,  Glauber's  salts,  or  Epsom  salts,  in  a  solution  of 
three  per  cent.,  are  all  favourable  to  their  movements.  Stronger 
or  weaker  solutions  suspend  the  movements,  though  these  may  be 
restored  in  the  way  before  mentioned.  Acids,  metallic  salts,  and 
caustic  alkalies,  are  harmful  to  the  movements  of  the  spermatozoa, 
though  it  appears  from  my  observations,  that  the  injurious  influ- 
ence of  the  last-named  reagents  is  preceded  by  a  period  of  excite- 
ment, of  more  active  motion,  so  that  caustic  potash  and  soda 
might  be  taken  for  special  exciters  of  the  filaments.  Narcotic 
substances  only  act  injuriously  when  they  have  some  chemical 
influence  on  the  semen,  or  when  they  are  of  an  unsuitable  degree 
of  dilution.  Alcohol,  aether,  oil,  creosote,  chloroform,  tannin, 
among  other  matters,  have  been  found  to  injure  the  movements. 
For  further  detail,  the  reader  may  consult  my  treatise  and  the 
researches  of  Quatrefages.  The  effect  of  cold  is  to  suspend  the 
movements,  and  a  temperature  of  42°  to  45°  Reaumur  (116°  to 
124°  Fahr.)  has  a  similar  result :  but  spermatozoa  whose  move- 
ments have  been  arrested  by  cold,  will  move  again  on  a  return  of 
warmth,  if  the  temperature  have  not  been  reduced  too  low. 

The  formation  of  the  spermatozoa  and  semen  ceases,  as  a  rule, 
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in  advanced  age,  yet  spermatozoa  and  even  capability  of  pro- 
creation are  not  unfrequently  found  in  men  sixty,  seventy,  or  even 
eighty  years  old.  DupUy  found  spermatozoa  tlurty-seven  times 
in  fifty-one  men  between  sixty  and  eighty  years  of  age.  In  twenty- 
seven  of  these,  they  were  quite  normal,  in  the  others,  deformed 
by  the  loss  of  their  tails.  After  diseases,  the  spermatozoa  are  just 
as  frequently  found  as  not;  and  all  that  can  be  said  with  re- 
ference to  the  cause  of  their  absence  in  such  cases  is,  that  it  seems 
to  depend  chiefly  upon  the  disturbance  of  nutrition. 

&  iq8.  Coverings,  Vessels,  Nerves  of  the  Testide.-'Ihe  testicle, 
together  with  its  fibrous  coat  and  a  part  of  the  epididyniis,  are 
directly  inclosed  by  the  special  serous  tunic  (tunica  mgmahs  pro- 
vria  fig.  1 7  7,  6 /■) .  This  is  a  thin  serous  membrane,  which  was  m  its 
origin  a  part  of  the  peritoneum,  and  corresponds  with  it  in  structure. 
Its  epithelium  is  composed  of  a  layer  (0-005'"  in  thickness  of  clear 
polygonal  cells,  0-005'"  to  0-008"' iu  size,  with  beautiful  nuclei 
and  here  and  there  a  few  pigment  granules  of  yellowish  hue.  On 
the  testicle  itself,  the  epithelium  is  immediately  situated  upon  the 
fibrous  coat,  being  inseparably  blended  therewith,  and  constituting 
the  so-called  tunica  adnata  testis,  or  the  visceral  lamina  ot  the 
tunica  vaginalis  propria.  Over  the  epididymis,  however  the  serous 
membrane  can  be  distinctly  isolated,  as  in  the  parietal  lamina  of 
the  tunica  vaginalis,  and  it  here  consists  of  dense  connective  tissue 
intermingled  with  elongated  nuclei.    T:he  general  vagmal  tumc  of 
the  testicle,  tunica  vaginalis  communis  is  a  dense  membrane  of 
some  thickness,  which  closely  surrounds  the  serous  sac,  and  forms 
a 'common'  envelope  to  the  testicle,  the  epididymis  at  its  lower 
end,  and  the  spermatic  cord.    On  the  testicle,  it  consists  of  firm 
connective  tissue,  but  higher  up  it  is  a  '«oser  iret-work  and  has 
many  elastic  fibres.    Between  this  envelope  and  the  pane  al  ayei 
of  the  serous  membrane,  and  on  the  epididymis,  is  found  a  layer 
of  smooth  muscular  fibre,  spread  over  the  lower  two-thirds  of  the 
testicle    This  is  firmly  connected,  both  with  the  common  envelope 
iust   described  and  the  proper  tunica  vaginahs,  and  may  be 
called  the  inner  muscular  coat  of  the  testicle;^  the  cremaster, 
which  is  made  up  of  transversely  striated  fibres  being  --verted  m  o 
the  outer  side  of  this  muscular  layer.    Finally,  the  whole  of  the 
parts  hitherto  mentioned  are  enclosed  in  the  scrotum,  ^vhieh  con- 
sists of  the  tunica  dartos  (§  36),  or  outer  muscular  coat  of  the 
testicle,  loosely  connected  with  the  common  vagmal  tunic,  and  the 


SECT.  198.]      VESSELS  AND  NERVES  OF  THE  TESTIS, 


437 


external  skin :  this  is  liere  characterised  by  its  thinness,  the 
absence  of  fat,  the  colour  of  its  epidermis,  and  the  large  size  of 
its  sebaceous  and  sudoriparous  glands. 

The  blood-vessels  of  the  testicle  and  epididymis  are  derived 
from  the  long  and  slender  internal  spermatic  artery,  which  runs  in 
the  spermatic  cord,  and  proceeds  from  its  posterior  border  to  the 
testicle.  Arrived  here,  some  branches  of  the  artery  penetrate  at 
once  into  the  corpus  Highmorianum,  while  others  split  up  into 
numerous  tortuous  twigs,  which  pass  along  the  inner  surface  of 
the  tunica  albuginea  and  in  its  substance,  in  their  course  towards 
the  anterior  border  of  the  testicle.  The  coarser  ramification  in  the 
parenchyma  of  the  testicle  proceeds  in  part  from  the  corpus  High- 
morianum, in  part  from  the  tunica  albuginea  along  the  septula 
testis.  From  these  sources,  numerous  small  vessels  pass  into  the 
interior  of  the  lobules,  and  form  a  wide  net-work  of  capillaries, 
0*003'"  to  o-oo8'"  in  width,  around  the  seminal  tubules.  On  the 
epididymis,  a  similar  net-work,  but  more  scanty,  is  met  with,  and 
in  the  formation  of  this,  the  art.  defer entialis,  is  also  concerned. 
The  scrotum,  on  the  other  hand,  and  the  vaginal  tunics,  are  richly 
supplied  with  vessels  by  the  scrotal  and  external  spermatic  arteries. 
The  veins  are  but  a  repetition  of  the  arteries,  and  as  for  the 
lymphatics,  they  are  very  numerous  in  the  scrotum,  and  in  the 
vaginal  tunics,  and,  according  to  the  beautiful  investigations  of 
Panizza  {Osservazioni,  tab.  viii.),  confirmed  by  Arnold,  the  lym- 
phatics of  the  testicle  itself  are  also  very  fully  developed.  They  come 
partly  from  the  interior,  partly  from  the  surface  of  the  testicle  and 
epididymis,  form  beautiful  net-works  beneath  the  tunica  adnata, 
and  finally  lead  to  the  lumbar  glands  by  means  of  several  trunklets, 
which  are  situated  in  the  spermatic  cord,  and  connected  with  those 
of  the  vaginal  tunics. 

The  nerves  of  the  testicle  are  but  scanty,  and  arise  from  the 
internal  spermatic  plexus.  They  accompany  the  arteries  to  the 
testicle,  but  their  course  in  the  interior  1  have  in  vain  endeavoured 
to  investigate,  as  it  is  rare  to  see  dark-bordered  nerve-fibres,  even 
along  with  the  larger  arteries  of  the  parenchyma. 

Bundles  of  muscular  fibres,  like  those  described  by  me  in  the  inner  mus- 
cular coat  of  the  testicle,  occur,  also,  according  to  Bouget,  in  the  tunica  albu- 
ginea, and  even  in  the  septula  testis.  The  so-called  hydatids  of  Morgagni  on 
the  head  of  the  epididymis  have  been  examined  by  0.  Becker,  who  finds  that 
they  always  contain  ciliated  epithelium,  not  only  when  they  have  a  connection 
with  the  seminal  tubules  of  the  epididymis,  but  even  when  they  are  entirely 
closed. 
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&  199.  VasaDeferentia;  Vesiculw  Seminales ;  Accessory  Glands ; 
Organ  of  Giraldes.-lhe  spermatic  ducts,  vasa  deferentm  are 
cylindrical  canals,  i  line  to  li  in  average  width,  with  walls  5    to  j 
in  thickness,  and  with  a  cavity  i'"  to  f  in  diameter.    They  are 
composed,  on  the  outside,  of  a  thin  fibrous  coat,  next  to  this  a 
layer  of  smooth  muscular  fibres,  and,  most  internally,  a  mucous 
membrane.     The  muscular  coat,  0-38"'  to  0-6'"  in  thickness, 
possesses  an  external  thick  layer  of  longitudinal  fibres,  a  miad-e 
layer  of  equal  thickness,  whose  fibres  run  transversely  and  ob- 
liquely, and  an  inner  thin  layer,  which  amounts  to  only  one-fifth 
of  the  entire  thickness  of  the  muscular  coat;  this  coat  consists  ot 
rigid  and  pale  fibre-cells,  measuring  up  to  O'l'"  m  lengtii,  0-004 
to  o-oo6"'in  average  breadth,  intermingled  with  some  connective 
tissue  and  a  few  very  pale  elastic  fibriU^.    The  mucous  membrane 
o- 1 2"'  in  thickness,  is  white,  puckered  longitudinally,  and  is  provided 
with  numerous  reticulated  depressions  of  various  sizes  in  the  last 
or  broadest  segment  of  the  duct.    Its  outer  two-thirds  are  whiter 
and  contain  one  of  the  densest  networks  of  elastic  fibrils  that  L 
know  of;  whilst,  internally,  this  is  replaced  by  a  clearer,  tlimner  . 
layer  of  connective  tissue,  indistinctly  fibrillated,  and  contaming 
nuclei.    Upon  this  layer  of  the  mucous  membrane  rests  a  simple 
stratum  of  pavement-epithelium,  composed  of  cells  0-005  to 
o-oo8"'  in   size,  which  invariably  contain  browmsh  pigment- 
granules  in  some  number  ;  these  impart  a  yellowish  colour  to  the 
inner  surface  of  the  mucous  membrane.    The  vessels  of  the  sper- 
matic ducts  are  very  distinct  in  the  external  fibrous  coat,  though 
they  also  penetrate  into  the  muscular  and  mucous  coats,  and  torm, 
in  both,  loose  networks  of  capillaries,  o'oos'"  to  0-005    m  width. 
According  to  Siimn  (Nerves  of  the  Human  Body,  pi  v.  82,  pi.  vi. 
the  nerves  of  the  spermatic  duct  in  the  pelvic  cavity  are  numerous 
but  delicate,  and  are  connected  with  the  lateral  and  middle  nerves 
of  the  bladder  and  rectum,  as  well  as  with  the  hypogastric  plexuses, 
I  have  likewise  seen  these  nerves,  and  have  found  them  to  contain 
fine  fibres  and  fibres  of  Remak,  but  have  not  been  able  to  trace 
them  into  the  interior. 

The  ductus  eiaculatorii  and  the  vesiculne  seminales  appear  to  be 
similar  in  their  construction  to  the  spermatic  ducts,  the  vesiculee 
being,  as  is  well  known,  nothing  but  caecal  appendages  of  the  vasa 
deferentia,  furnished  with  wart-like  tul)ular,  or  even  ramified  pro- 
cesses. The  ejaculatory  ducts  present  in  their  upper  part  the  same 
muscular  structure  as  the  spermatic  duct,  only  that  their  walls  are 
more  delicate.    Towards  the  prostate  gland,  their  coats  become 


SECT.  199-]       VESICULiE  SEMINALES  :  PROSTATE. 


439 


still  more  attenuated,  but  present,  even  at  the  extreme  termination, 
muscular  fibres,  intermingled  with  a  considerable  quantity  of  con- 
nective tissue  and  elastic  fibrillse.  The  seminal  vesicles  have  their 
walls  considerably  thinner  than  those  of  the  spermatic  ducts,  but 
possess  a  similar  structure ;  the  mucous  membrane,  which  is  very 
vascular,  is  covered  all  over  with  reticulated  depressions.  The 
seminal  vesicles  are  surrounded  externally  by  an  envelope,  which 
is  composed,  in  part,  of  connective  tissue,  and,  in  part,  especially 
upon  the  posterior  surface,  of  distinct  muscular  fibres.  This  en- 
velope also  extends  inwards,  between  the  separate  convolutions  of 
these  canals,  and  unites  them,  while  at  the  lower  ends  of  the 
seminal  vesicles,  it  passes  from  one  to  the  other  as  a  broad  mus- 
cular band ;  this  has  been  recently  observed  also  by  V.  Ellis,  who 
calls  this  band  the  compressor  vesiculce  et  ductus  seminis.  The 
contents  of  the  seminal  vesicles  consist,  normally,  of  a  clear  fluid, 
somewhat  viscid  in  consistence,  which  coagulates  immediately  after 
death  into  a  soft  jelly,  but  subsequently  becomes  again  quite  fluid. 
This  contains  a  protein  compound,  easily  soluble  in  acetic  acid, 
which  is  obviously  identical  with  that  contained  in  the  fluid  of  the 
ejaculated  semen.  In  common  with  many  other  observers,  I  have 
frequently  found  spermatozoa  in  the  seminal  vesicles,  although  the 
main  function  of  these  appendages  is  doubtless  secretory.  The 
nerves  of  the  seminal  vesicles  are  derived  from  the  sympathetic 
and  spinal  cord,  and  spring  directly  from  the  dense  plexus  seminalis, 
whose  fibres  partly  enter  into  the  coats  of  the  seminal  vesicles, 
partly  pass  to  the  prostate  gland,  and  are  not  further  traceable. 
The  prostatic  plexus,  thus  formed,  is  reinforced  by  filaments  from 
the  vesical  and  lower  pelvic  plexuses. 

The  prostate,  according  to  my  own  observations,  which  are  con- 
firmed by  V.  Ellis,  and  partly  also  by  Jarjavay,  is  a  very  muscular 
organ,  the  glandular  substance  scarcely  constituting  more  than 
one-third,  or  the  half  of  the  entire  mass.  Proceeding  from  within 
outwards,  we  first  meet  with  the  thin  mucous  membrane,  whose 
epithelium  is  composed  of  two  layers  of  cylindrical  cells,  and  in 
intimate  connection  with  this  membrane  we  next  observe  a  yel- 
lowish layer  of  longitudinal  fibres,  which  partly  extends  from  the 
trigonum  vesicce  to  the  caput  gallinaginis,  but  is,  in  another  part, 
unconnected  with  the  muscles  of  the  bladder ;  this  layer  consists 
of  connective  tissue,  elastic  fibrillie,  and  smooth  muscular  fibres  in 
equal  proportions.  It  is  followed  by  a  thick  stratum  of  circular 
fibres  of  the  same  structure,  which  is  connected  with  the  sphincter 
vesicje,  and  extends  as  far  as  the  caput  gallinaginis,  and  which  I 
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have  named  the  spJmicter  prostatGe.    Having  removed  these  dif- 
ferent muscular  layers,  we  at  last  come  upon  the  proper  glandular 
tissue  of  the  prostate,  which,  accordingly,  we  find  to  occupy  chiefly 
the  outer  parts  of  the  organ,  although,  it  is  true,  some  few  lobules 
do  penetrate  among  the  circular  fibres,  and  the  numerous  excretory 
ducts  traverse  the  longitudinal  and  transverse  fibres,  to  open  right 
and  left,  parallel  to  the  caput  gallinaginis.    The  proper  substance 
of  the  prostate  consists  of  a  reddish-grey  material,  somewhat 
dense,  which  may  be  very  readily  split  up  into  fibres  in  the  direc- 
tion of  the  diameter  of  the  organ,  or  more  correctly,  the  structure 
may  be  described  as  radiating  in  all  directions,  from  the  lateral 
parts  of  the  caput  gallinaginis  towards  the  outer  surface  of  the 
organ.    The  elements  of  this  proper  tissue  of  the  prostate  are, 
first,  distinct  muscular  fibres  of  the  smooth  variety,  in  separate 
thick  bundles,  with  some  connective  tissue;  and,  secondly,  the 
true  glands  of  the  organ.    The  latter  consist  of  thirty  to  fifty 
compound  racemose  glands,  of  a  conical  or  pear-shaped  form^ 
which  are  distinguished  from  the  ordinary  racemose  glands  by 
their  loose  structure,  the  distinct  pedunculation  of  many  of  their 
vesicles,  and  the  slight  development  of  the  smallest  lobules;  this 
last  circumstance  appears  to  be  partly  ascribabie  to  the  abundance 
of  fibrous  tissue,  interspersed  among  the  elements  of  the  glands. 
The  gland-vesicles  are  pyriform  or  roundish,  O'os"  to  o'l'"  m  size^ 
and  lined  by  an  epithehum,  whose  cells  are  polygons  or  short 
cylinders,  0-004"  to  0-005'"  in  length,  and  contain  brown  pig- 
ment-granules.   On  the  excretory  ducts,  however,  the  epitheliuni 
has  the  same  cylindrical  form  as  is  present  in  the  prostatic  part  of 
the  urethra.    The  secretion  of  the  prostate  appears  to  be  similar 
to  that  of  the  seminal  vesicles ;  at  least,  the  prostatic  calculi,  as 
they  are  termed,  consist  of  the  same  protein  substance,  soluble  m 
acetic  acid,  as  is  met  with  in  the  seminal  vesicles  [Virchow). 
These  calculi  are  round,  concentric  concretions,  0-03"'  to  o-i'"  m 
size,  formed  in  the  gland- vesicles.    The  prostate  possesses  a  fibrous 
tunic,  which  firmly  encloses  the  glandular  tissue,  and  contains 
smooth  muscular  fibres  in  large  quantity.    The  organ  is  provided 
with  a  considerable  number  of  vessels,  the  most  remarkable  of 
which  are  the  numerous  capillaries  surrounding  the  glandular 
elements,  and  a  rich  venous  plexus  beneath  the  mucous  membrane 
of  the  urethra.    The  nerves  have  been  mentioned  above;  their 
course  in  the  interior  of  the  prostate  is  unknown. 

The  uterus  masculinus,  or  the  vesicula  prostatica,  is  situated  in 
the  caput  gallinaginis,  and  between  the  ejaculatory  ducts.  Its 
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walls  are  yellowisli-wliite,  and  lined  by  a  cylindrical  epithelium. 
The  chief  microscopical  elements  are  connective  tissue  and  elastic 
fibrils^  with  which  smooth  muscular  fibres  are  intermingled;  in 
the  cervix  of  the  vesicle  these  are  less  numerous  than  in  the 
fundus^  where  they  are  found  in  considerable  amount. 

The  glands  of  Coioper  are  compact,  compound  racemose  glands, 
whose  terminal  vesicles^  0*02'''  to  0*05''"  in  size^  are  lined  by  a 
pavement-epithelium,  whilst  in  their  excretory  ducts  the  epithelium 
is  cylindrical.  The  delicate  envelope  surrounding  the  entire  gland, 
as  well  as  the  fibrous  stroma  in  the  interior,  is  tolerably  rich  in 
smooth  muscular  fibres,  and  I  have  recently  detected  these  even 
on  the  excretory  ducts  (whose  width  is  5'''),  as  a  delicate,  longi- 
tudinal layer.  The  secretion  of  these  glands,  which  can  be  readily 
obtained  from  the  excretory  ducts,  is  ordinary  mucus. 

The  organ  of  Giraldes  {corps  inno7nine,  Giraldes)  is,  according 
to  the  observations  of  Sharpey  and  myself,  a  small  linear  body, 
situated  at  the  upper  end  of  the  testicle  in  the  spermatic  cord, 
and  extending  along  the  cord  on  the  side  farthest  from  the  vas 
deferens.  It  is  about  half  an  inch  long,  and  is  of  a  whitish 
colour  j  on  microscopical  examination,  it  is  found  to  consist  of  a 
good  number  of  isolated  elementSj  in  the  form  of  tubules  and 
vesicles  of  very  various  shapes ;  these  are  held  together  by  a  con- 
nective tissue  with  blood-vessels.  The  tubules  are  either  simple, 
straight  or  twisted,  or  they  are  furnished  with  processes  in  such 
numbers,  that  they  look  like  portions  of  the  prostate  or  of  an 
embryonic  parotid.  Here  and  there  simple  tubes  exhibit  dilata- 
tions, and  these  may  become  so  distinct  as  to  give  the  appearance 
of  separate  vesicles.  The  canals  of  this  organ,  whatever  their 
form,  all  consist  of  an  envelope  of  connective  tissue  with  a  pave- 
ment-epithelium, in  the  cells  of  which,  in  grown  persons,  I  find  a 
good  deal  of  fat.  Contained  in  the  tubules  is  a  fluid,  more  or  less 
clear.  This  organ  attains  its  greatest  development,  according  to 
Giraldes,  in  boys  from  six  to  ten  years  of  age ;  this  observer  regards 
it,  and  he  is  doubtless  right,  as  the  remains  of  the  Wolffian  body, 
analogous  to  the  '  appendage  to  the  ovary  '  of  the  female.  It  still 
remains  to  be  discovered  whether  this  organ  may  not  be  connected 
at  its  lower  end  with  the  epididymis ;  and,  in  this  case,  it  might  be 
considered  to  be  nothing  more  than  a  peculiar  and  contorted  vas 
aberrans. 

L.  Fick  has  recently  made  the  statement,  that  the  muscular  structure  of 
the  vas  deferens  is  not  composed  of  isolated  fibre-cells,  but  of  a  continuous 
web.    It  is  true  that  the  fibre-cells  are  less  readily  separated  from  each  other 
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here  than  elsewhere,  but  they  do,  nevertheless,  exist  as  such  ;  and  Ficli  will 
probably  convince  himself  of  this,  if  he  will  re-examine  these  elements  with 
the  aid  of  re-agents. 

§  200.  The  Organs  of  Copulation  in  the  male  consist  of  the 
penis,  an  organ  composed  of  three  erectile  vascular  bodies,  named 
spongy  or  cavernous,  corpora  spongiosa  sen  cavernosa.    These  are 
attached  to  the  pelvis,  and  perforated  by  the  irrethra^  they  are 
covered  by  special  fasciae  and  by  the  external  skin,  and  are  pro- 
vided with  three  special  muscles.  •  •  i  i 
The  corpora  cavernosa  penis  are  two  cylindrical  bodies,  divided 
posteriorly,  but  coming  together  in  front,  where  they  are  separated 
only  by  a  simple  incomplete  partition.    In  them  we  may  distin- 
guish a  special  fibrous  tunic  {tunica  alJmginea  s.  fibrosa),  and  the 
hiternal  spongy  tissue.    The  former  is  a  white,  lustrous,  firm 
membrane,  half  a  line  thick,  and  forms  the  dissepiment,  as  well  as 
the  outer  envelope  of  the  spongy  bodies.    The  partition  between 
the  corpora  cavernosa,  where  they  meet  anteriorly,  has  the  form  of 
a  thin  membrane  broken  up  into  separate  fibres  and  laminae,  and 
consists  of  ordinary  fibrous  tissue,  with  numerous,  well-developed, 
fine  elastic  fibres,  as  in  tendons  and  ligaments.    Within  this  hes 
the  spongy  tissue,  of  a  reddish  colour,  consisting  of  innumerable 
fibres,  trabeculae,  and  laminse,  which  are  united  to  form  a  fine 
meshwork,  with  small  roundish  or  angular  spaces,  anastomosing 
with  each  other  in  all  directions.    These  are  named  tlie  venous 
spaces  of  the  cavernous  bodies,  and,  during  life,  are  filled  with 
blood;  thus  the  structure  bears  a  remarkable  resemblance  to  a 
sponge.    All  the  trabeculse  invariably  possess  a  perfectly  uniform 
structure.    ExternaUy,  they  are  covered  by  a  simple  layer  of 
pavement  epithelial   cells,  intimately  connected,  and  often  in- 
separable—the epithelium  of  the  venous  spaces;  upon  this  follows 
the  proper  fibrous  tissue,  which  is  composed  of  almost  equal  parts 
of  connective  tissue,  with  fine  elastic  fibres,  and  of  smooth  mus- 
cular fibres;  in  the  interior  of  many  trabeculae,  but  by  no  means 
in  all,  are  enclosed  arteries  and  nerves  of  various  sizes.    The  mus- 
cular elements  of  the  trabeculEC  are  distinctly  recognisable  by  their 
very  characteristic  nuclei,  which  appear  on  the  addition  of  acetic 
acid ;  but  the  cells  themselves  may  be  isolated  in  large  numbers, 
especially  after  treatment  with  nitric  acid  of  20  per  cent.,  and  they 
then  appear  as  fibre-cells,  0-02'"  to  0-03'''  in  length,  and  0-002"'  to 
0-0025'"  in  breadth.                                                      •  n  +1 
The  corpus  spongiosum  urethrce  is  constructed  m  essentially  the 


SECT.  200.] 


THE  MALE  URETHEA. 


443 


same  manner  as  the  spongy  body  of  the  penis,  but  with  some  dif- 
ferences of  detail :  first,  the  fibrous  tunic  (which  also  presents  the 
appearance  of  a  partition  in  the  bulb),  is  much  thinner,  not  so 
white,  and  is  richer  in  elastic  elements;  2.  the  venous  spaces  are 
narrower,  and  narrowest  of  all  at  the  glans ;  3.  lastly,  the  trabe- 
culse  are  more  delicate,  and  have  more  elastic  fibrillse  beneath  the 
epithelium,  but,  in  other  respects,  they  are  constructed  as  in  the 
corpora  cavernosa  penis. 

In  this  place  we  have  also  to  speak  of  the  male  urethra.  In  a 
portion  of  its  length  this  is  an  independent  canal,  but  at  its  be- 
ginning, and  at  its  end,  it  consists  only  of  a  channel  lined  by 
mucous  membrane,  and  supported  by  the  prostate  and  the  spongy 
structure  of  the  urethra.  The  mucous  membrane  is  placed  on  a 
layer  of  connective  tissue,  which  has  a  longitudinal  direction,  and 
contains  numerous  elastic  fi-brill£8.  In  the  prostatic  part  of  the 
urethra,  tbese  elements,  with  the  epithelium,  make  up  the  entire 
membrane.  In  the  isthmus,  or  membranous  part,  too,  there  is 
very  little  else,  although  a  few  ill-developed,  smooth  muscular 
fibres  may  be  found  in  a  longitudinal  and  transverse  direction, 
mixed  with  the  ordinary  fibrous  tissue ;  on  this  tbere  follow  the 
striped  fibres  of  the  musculus  urethralis.  In  the  cavernous  portion 
of  the  urethra,  the  submucous  tissue  also  contains  a  few  scattered 
fibres  of  the  same  kind,  and,  for  a  certain  depth,  we  always  m^eet 
with  longitudinal  fibres  of  connective  tissue,  which  have  more  or 
less  of  these  plain  muscular  fibres  among  them;  this  tissue  ap- 
pearing to  belong  to  the  m-ethra,  and  not  to  the  cavernous  body, 
since  it  is  without  venous  spaces,  and  forms,  indeed,  a  continuous 
membrane,  which  limits  the  proper  cavernous  structure  from  the 
mucous  membrane  of  the  urethra.  The  epithelium  of  the  urethra 
consists  of  a  superficial  stratum  of  pale  cylindrical  cells,  o  012"'  in 
size,  and,  beneath  these,  one,  or  perhaps  two  layers  of  small  cells, 
round  or  oblong.  At  the  anterior  half  of  the  fossa  of  Morgagni, 
there  are  found  papillae  of  0-03'"  in  length,  with  a  lamellated  pave- 
ment-epithelium of  0-04"  in  thickness.  According  to  Jarjavay, 
these  papilla  pass  backwards  for  a  distance  of  4"  to  8''',  or  even  as 
far  as  18"',  and  stand  in  rows  on  a  triangled  area,  which  gets  nar- 
rower behind  and  above.  In  the  isthmus,  and  in  the  cavernous 
portion  of  the  urethra,  there  occur  a  large  number  of  little  glands, 
I'"  to  in  diameter,  named  Littre's  glands.  These  correspond, 
in  all  essential  particulars  of  structure,  with  the  ordinary  racemose 
glands.  Simpler  forms  of  such  glands  are  occasionally  met  with 
among  the  more  complex,  and,  in  the  pars  prostatica,  the  place  of 
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these  glandules  is  supplied  by  small  mucous  follicles,  like  those  above 
described  in  the  cervix  vesicae.    The  epithelium  of  all  these  glands 
is  cylindrical,  but  in  the  ducts  it  merges  into  the  tesselated  variety. 
The  secretion  is  common  mucus,  which  often  collects  in  quantities 
in  enlargements  of  the  gland-tubes.— Small  fossae  of  the  mucous 
membrane,  which  are  not  uniformly  present,  have  received  the 
name  of  lacuncß  Morgagnii;  but  in  these  I  have  not  been  able  to 
perceive  anything  of  a  glandular  nature. — The  fascia  perns  is  a 
membrane  rich  in  fine  elastic  fibres,  which  invests  the  penis  from 
its  root  to  the  glans.    At  the  root  it  is  connected  with  the  fascia 
of  the  perineum  and  inguinal  region,  and  also  takes  part  in  the 
formation  of  the  suspensory  ligament  of  the  penis,  which  proceeds 
from  the  symphysis  pubis  to  the  dorsum  of  the  organ,  and  abounds 
in  true  elastic  tissue.    Externally,  the  fascia  is  continued  uninter- 
ruptedly into  the  skin.    The  integument  of  the  penis,  as  far  as 
the  free  border  of  the  prepuce,  possesses  the  ordinary  structure  of 
the  cutis,  though  it  is  distinguished  by  its  delicacy,  and  by  the 
occurrence  of  a  layer  of  smooth  muscular  fibres  beneath  it,  as  far 
as  the  prepuce.     These  fibres  are  a  continuation  of  the  tunica 
dartos  into  the  subcutaneous  tissue  of  the  penis,  which  is  abundant 
and  wanting  in  fat.    From  the  prepuce  onwards,  the  integument 
of  the  penis  assumes  more  and  more  the  nature  of  a  mucous 
membrane,  it  becomes  much  thinner,  and  no  longer  possesses  hairs 
and  sudoriparous  glands,  though  it  has  well-developed  papillae. 
On  the  glans,  the  membrane  is  intimately  connected  with  the 
spongy  body,  and  is  still  provided  with  a  soft  epidermis,  of  0-035'" 
to  o-o*56'"  in  thickness  (see  §  44,  fig.  ^o,  4).    The  sebaceous  glands 
in  this  situation,  which  form  the  preputial  sebaceous  matter,  are 
peculiar  in  their  characters,  and  are  named  glandul(B  Tysonian(B. 

The  arteries  of  the  penis  arise  from  the  pudic,  and  present  no 
peculiarities^  except  in  their  distribution  to  the  corpora  cavernosa. 
These  bodies  receive  their  supply  in  the  main  from  the  deep  arteries 
of  the  penis,  as  well  as  a  few  small  branches  from  the  dorsal  artery. 
The  larger  arterial  trunks  run  close  to  the  septum,  and  are  sur- 
rounded by  a  sheath  of  connective  tissue,  connected  with  the  trabe- 
cular network.  Giving  ofl*  a  small  branch  to  the  bulbs  of  the 
corpora  cavernosa,  these  vessels  are  directed  forwards,  distributing 
numerous  branches  to  the  spongy  tissue.  These  branches  run  in 
a  tortuous  manner  in  the  substance  of  the  trabeculse,  occasionally 
anastomosing,  and  divide,  until  they  become  capillaries  of  o'ooö'" 
to  0-0 1'"  in  diameter,  which  open  directly  into  the  venous  spaces, 
without  forming  a  capillary  network.   The  tortuous  direction  of  the 
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arteries  in  the  trabeculee  is  probably  lost  at  the  period  of  erection. 
In  the  posterior  part  of  the  penis  there  are  found  numerous  arterial 
trunks,  of  0-04"'  to  o*o8'"  in  diameter,  peculiarly  bent  and  con- 
voluted; they  were  discovered  by  J.Müller,  and  are  named  arierice 
Jielicmce.  They  usually  lie  together  in  groups  of  from  three  to  ten, 
and  do  not  end  by  caecal  termination,  as  was  at  first  supposed ;  but 
they  give  off,  I  find,  from  their  club-shaped  ends,  fine  vessels, 
o  006'"  to  o'oi'"  in  diameter,  which  run  further  and  terminate  in 
the  sinuses,  like  the  other  twigs  of  the  arteries.  The  corpus 
spongiosum  urethrae  is  supplied  by  the  arterioe  hulhosoe,  hulbo- 
urethrales,  and  dorsales,  and  the 
distribution  of  the  vessels  in  it  is 
exactly  the  same  as  has  just  been 
described;  and  helicine  arteries  also 
occur  in  the  bulb  of  the  urethra. 
The  veins  commence,  if  we  may  so 
speak,  by  the  anastomosing  venous 
spaces,  from  which  the  blood  passes 
into  the  outer  veins  provided  with 
special  walls  (the  v.  dorsalis,  v. 
profunda  and   bulbosa  especially), 

through   the    intervention    of   short         a  small  artery  of  the  corpus  cavernosum 
o  penis,  of  the  man,  injected,  and  magnified 

efferent  canals,  which  are  numerous,    f  times  giving  otr  two  arterite  heiicin*. 

'  ^      terminating  m  smaller  vessels. 

and  arise  in  various  ways  from  the 

venous  spaces.  The  lymphatics  form  very  dense  and  fine  networks 
in  the  integument  of  the  glans,  in  the  prepuce,  and  in  the  rest  of 
the  skin,  and  lead  to  the  superficial  inguinal  glands  by  means  of 
trunks  which  accompany  the  dorsal  vessels.  According  to  Mas- 
cagni,  Fohmcm/n,  and  Panizza,  the  interior  of  the  glans  around  the 
urethra  also  possesses  numerous  lymphatics,  which  run  backwards 
upon  the  urethra,  and  pass  into  the  pelvic  glands.  The  nerves  of 
the  penis  arise  from  the  pudic  nerve  and  the  cavernous  plexus  of 
the  sympathetic ;  the  former  of  these  chiefly  supplies  the  skin  and 
the  mucous  membrane  of  the  urethra.  The  cavernous  bodies  are 
supplied  from  the  pudic  only  to  a  slight  extent,  the  sympathetic 
nerve  being  specially  distributed  to  these  structures.  The  termi- 
nations of  the  nerves  in  the  skin  and  mucous  membrane  present 
the  same  arrangement  as  usual  in  those  tissues ;  numerous  divisions 
especially,  and  slight  indications  of  tactile  corpuscles,  are  found  in 
the  glans.  The  terminations  of  the  nerves  in  the  corpora  cavernosa 
are  not  yet  known,  though  nerves  with  fine  tubes  and  fibres  of 
Remak  are  easily  demonstrable  in  the  trabeculse. 
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The  smooth  muscular  fibres  of  the  corpora  cavernosa  are  exceedingly 
beautiful  in  the  penis  of  the  horse  and  elephant,  but  are  not  wanting  even  ni 
other  mammalia.— The  helicine  arteries  have  commonly  been  rejected  by 
anatomists,  since  the  statement  of  Vale7iti?i  and  Ecnle,  that  they  are  produced 
artificially,  by  the  rolling  up  of  the  cut  ends  of  the  trabecule^,  or  by  the  spon- 
taneous retraction  of  certain  arteries  in  the  stretched  trabeculfe.  I  am  con- 
vinced, however,  that  their  rejection  cannot  be  justified,  and  that  the  helicme 
arteries  do  truly  exist.  I  am  satisfied,  moreover,  that  they  very  frequently 
end  in  fine,  almost  capillary  vessels,  as  even  /.  3IüUcr  pointed  out ;  but  I  do  not 
believe  that  this  is  the  exceptional  arrangement  that  it  appeared  to  its  dis- 
coverer, indeed  I  am  disposed  to  regard  it  as  very  common,  and  that  the 
termination  in  culs  de  sac  is  constantly  more  apparent  than  real ;  still  I  will 
not  undertake  to  assert  positively  that  such  caecal  endings  do  not  exist— per- 
haps Müller  may  be  right  in  this  respect  also.  By  another  observer,  again, 
Arnold,  the  helicine  arteries  were  taken  for  simple  loops  of  vessels  ;  but  my 
own  observations  by  no  means  bear  out  this  view,  though  I  have  once  seen 
such  a  loop  in  the  situation  of  these  arteries. 

The  corpus  spongiosum  urethrse,  in  its  most  anterior  portion  and  in  the 
glans,  is  stäted  hj  Jarjavay  to  have  the  characters  of  a  'rete  mirabile'  of 
veins.— In  the  envelope  of  the  corpora  cavernosa  penis,  two  layers  of  mus- 
cular'fibres  have  been  described  by  Mlis,ihe  outer  longitudinal  and  the  inner 
circular,  the  fasciculi  forming  a  network  with  narrow  interstices  ;  the  inner 
layer  is  stated  to  be  continued  into  the  septum  penis.  I  record  these  state- 
ments simply,  without  making  myself  responsible  for  them,  as  up  to  this 
time  no  such  muscular  fibres  have  come  under  my  notice  in  this  situation.— 
Jarjavmj  makes  a  distinction  between  the  glands  of  the  membranous  part  of 
the  urethra  and  those  of  the  spongy  portion  :  he  confines  the  name  of  Littre's 
glands  to  the  former,  and  names  the  others  '  lacuna3  of  Morgagni'  ;  this  is 
not  a  justifiable  division,  as  the  glands  are  of  one  and  the  same  nature,  al- 
though they  occur  in  a  variety  of  forms,  simple  and  compound.  The  larger 
glands  of  the  spongy  part  of  the  urethra  are  five  to  twenty-two  in  number, 
and  are  mostly  arranged  in  a  single  row  in  the  middle  of  the  upper  wall.  The 
smaller  glands  are  found  in  the  upper  wall  also,  but  principally  on  the  sides. 


§  201.  Physiological  Remarks.— The  development  of  the  testicles 
commences  in  the  second  month,  and  takes  place  from  an  inde- 
pendent blastema,  that  appears  at  the  inner  side  of  the  Wolffian 
bodies,  the  male  sexual  glands  being  at  first  exactly  similar  in  form 
to  the  ovaries.  Subsequently,  when  the  Wolffian  bodies  begin  to 
disappear,  certain  of  its  canals  lose  their  Malpighian  corpuscles, 
and  become  connected  with  the  testicle,  to  form  the  epididymis ; 
while,  at  the  same  time,  the  excretory  duct  of  the  gland  is  trans- 
formed into  the  vas  deferens.  By  a  process  not  yet  accurately 
explained,  involving  the  agency  of  the  gubernaculum,  the  testicle, 
with  its  peritoneal  covering,  then  descends  into  the  scrotum.  The 
gubernaculum,  I  find  with  Bonders  (Ned.  La7icet,  1849,  P-  3^2),  is 
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composed  of  transversely  striped  and  smooth  muscular  fibres.  The 
testicle  obtains  its  proper  tunica  vaginalis  by  the  growing  together 
of  the  processus  vaginalis  with  its  own  serous  covering.  The 
vesicula  prostatica,  the  analogue_,  in  man,  of  the  uterus,  and  per- 
haps, also^  of  the  vagina,  is  all  that  remains  of  the  ducts  of 
Midler,  two  canals,  which  descend  at  the  external  border  of  the 
Wolffian  bodies.  In  the  female,  these  canals  form  the  Fallopian 
tubes,  and  at  their  lower  extremities,  where  they  coalesce,  they 
become  developed  into  the  uterus  and  vagina ;  but,  in  man,  they 
disappear,  except  at  the  lowest  part  and  at  the  commencement, 
which  is  converted  into  the  '  hydatid  of  Morgagni.''  The  vas 
aberrans,  and  the  similar  structure  at  the  head  of  the  epididymis 
(see  my  Micr.  Anat.,  ii.  2,  p.  392),  are  the  remains  of  those  other 
tubules  of  the  Wolffian  bodies  which  have  not  become  connected 
with  the  testicles;  these  are  frequently  converted  into  cysts  which 
contain  semen,  and  are  named  by  Luschka  '  non-pedunculated 
hydatids  of  Morgagni.''  The  seminal  vesicles  are  hollow  protru- 
sions from  the  vasa  deferentia;  while  the  prostate,  the  glands  of 
Coivper,  and  the  smaller  glands,  are,  in  all  probabihty,  developed 
from  the  epithelium  of  the  urethra,  in  an  analogous  manner  to 
other  glands  of  a  similar  character.  The  penis  is  developed  out- 
wards from  the  pelvic  bones,  and,  subsequently,  receives  the  urethra 
by  the  closure  of  a  groove  at  its  lower  side. 

Very  little  is  known  about  the  histological  development  of  these 
parts.  The  testicles  consist,  at  first,  of  an  uniform  mass  of  cells, 
which  soon,  how^ever,  exhibit  variety  of  structure  in  transverse 
rows,  that  form  the  rudiments  of  the  seminal  tubules.  These  are, 
at  first,  straight  canals,  extending  from  the  outer  to  the  inner 
border  of  the  testicle,  and  terminating  in  cjecal  processes ;  and  it 
is  extremely  probable  that  they  originate  as  solid  strings  of  cells, 
and,  subsequently,  receive  a  cavity  and  a  membrana  propria.  By 
continued  growth,  especially  in  the  longitudinal  direction,  and  by 
the  formation  of  processes,  these  primitive  ducts  become  eventually 
the  extremely  long  and  convoluted  seminal  tubules ;  indeed,  an 
entire  lobule  appears  to  be  formed  from  each  of  them. 

I  may  here  draw  attention  to  one  or  two  points  in  the  physiology 
of  the  male  sexual  organs.  The  spermatozoa  are  now  universally 
understood  to  be  no  animalcules,  but  elementary  portions  of  the 
male  organism.  We  do  not  understand,  however  (and  it  will  pro- 
bably long  remain  obscure),  the  mode  of  production  of  their  very 
curious  movements;  the  object  of  their  motion  is  evidently  to 
propel  them  onwards  from  the  uterus  (which  they  probably  reach 
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in  a  fruitful  intercourse),  up  to  the  ovum  and  into  its  substance. 
That  the  spermatozoa  are  the  proper  fecundating  elements  of  the 
semen,  has  been  placed  beyond  the  slightest  doubt  by  the  obser- 
vations of  Frevost  and  Dumas,  Schwann  and  Leuckart,  on  the 
semen  after  filtration,  and,  above  all,  by  the  recent  discoveries  of 
Neiüport  (Philos.  Trans.,  1853,  P-  ^SS)-  The  last-named  author 
also  establishes  the  fact,  that  the  spermatozoa  actually  penetrate 
the  substance  of  the  ovum,  as  was  asserted  many  years  before  by 
Barry ;  and  on  this  point,  various  subsequent  observers  have  con- 
firmed the  statements  of  Newport  (on  the  rabbit  and  frog,  in  fishes 
and  insects).  Now  that  we  are  acquainted  with  the  passage  of  the 
spermatozoa  into  the  ovum,  we  can  no  longer  regard  their  fecund- 
ating power  as  being  a  dynamic  influence,  as  was  formerly  supposed, 
from  the  circumstance  that  moving  filaments  alone  can  fecundate ; 
on  the  contrary,  it  now  appears  probable  that  the  material  of  the 
spermatozoa  becomes  actually  mingled  with  the  yelk,  and  thus 
renders  it  capable  of  development.  Let  it  be  remembered,  how- 
ever, that  we  are  still  far  from  being  in  a  position  to  maintain  a 
similar  penetration  of  the  ovum  by  the  spermatozoon  in  the  whole 
animal  series,  so  that  we  must  be  careful  how  we  put  forth  any 
theory  of  fertilisation  as  being  equally  applicable  in  all  cases. 

The  ejaculation  of  the  semen  is  effected  in  the  main  by  the  vasa 
deferentia,  Avith  their  powerful  muscular  apparatus.  These  organs 
have  been  seen  by  Virchow  and  myself,  on  the  body  of  an  executed 
criminal,  to  contract  and  shorten  with  remarkable  energy  under 
the  influence  of  galvanism ;  and  the  same  action  is  witnessed  in 
the  seminal  vesicles,  the  very  muscular  prostate,  and  the  striated 
muscular  fibres  of  the  urethra  and  penis.  The  erection  of  the 
penis  is  effected,  as  I  have  shown  (  Würz.  Verh.,  vol.  ii.),  by  a  relax- 
ation of  the  muscular  fibres  in  the  trabeculi^e  of  the  cavernous  and 
spongy  bodies,  and  in  the  middle  coat  of  the  arteries  of  those  parts  ; 
as  a  consequence  of  this  relaxation,  the  spongy  tissue,  like  a  sponge 
which  has  been  compressed,  dilates  and  fills  itself  with  blood. 
Rigidity  appears  as  soon  as  the  muscular  fibres  are  entirely  re- 
lax^ed  aud  the  venous  sinuses  completely  filled,  without  there  being 
any  need  for  the  return  of  blood  being  impeded,  or  the  circulation 
stopped.  It  disappears  when  the  muscles  contract  again,  the 
venous  spaces  becoming  narrow,  and  the  blood  being  pressed  out 
of  them.  In  an  executed  criminal,  we  have  recently  found  very 
energetic  contraction,  upon  the  application  of  electric  stimuli  to 
the  exposed  spongy  tissue  of  the  corpora  cavernosa.  During  the 
ejaculation  of  the  semen,  the  ischio-cavernosi  and  the  bulbo- 
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cavernosus  muscles^  which  are  provided  with  transversely  striped 
fibres^  increase  the  rigidity  in  the  anterior  parts  by  the  compression 
of  the  root  of  the  penis  with  the  dorsal  veins;  but  under  no  cir- 
cumstances can  these  muscles,  of  themselves  alone,  contribute  to 
the  bringing  about  of  the  erection. 

The  investigation  of  the  male  sexual  organs  does  not,  in  general,  present 
any  great  difficulties.  The  seminal  tubules  are  extremely  easy  to  isolate,  and 
when  they  are  teased  out  with  a  little  care,  some  of  their  divisions  are  always 
met  with.  In  order  to  see  their  course,  they  must  be  injected  in  the  method 
pointed  out  by  Lautli  or  A.  Coojjer,  which,  will  be  found  quoted  in  all  Handbooks 
of  Anatomy.  The  vas  deferens  is  best  studied  in  transverse  sections  of  pre- 
parations which  have  been  hardened  or  dried,  and  the  same  applies  to  the 
glands  of  the  prostate  ;  whilst,  on  the  other  hand,  the  muscular  structure  of 
the  prostate  and  of  the  corpora  cavernosa  can  be  distinctly  made  out  only 
when  the  parts  are  fresh,  or  after  the  employment  of  nitric  acid.  The  arterise 
helicinsö  are  recognisable,  even  in  fresh  preparations,  in  the  neighbourhood  of 
the  large  arterial  trunks,  and  still  better  after  injection  with  fine  size. 
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B.  Fe  MALE  Sexual  Organs. 

§  202.  The  female  sexual  organs  consist,  ].  of  the  ovaries— i\s'o 
follicular  glands  for  the  formation  of  the  ova  — together  with 
certain  bodies  named  the  appendages  to  the  ovary,  or  par-ovaria ; 
and  of  the  two  Fallopian  tubes,  which  serve  as  the  excretory  ducts 
of  the  glands,  although  they  are  not  directly  connected  with  them; 
2.  of  the  uterus,  for  the  lodgment  and  nourishment  of  the  embryo  ; 
and  3.  of  the  vagina  and  external  genital  organs,  which  serve  for 
the  passage  of  the  foetus  in  parturition,  as  well  as  for  sexual 
intercourse. 

§  203.  Ovary,  Appendage  to  Ovary.— The  ovaries,  ovaria,  are 
composed  of  special  envelopes  and  a  stroma  or  parenchyma,  con- 
taining the  ova.    The  envelopes  consist  of  a 
peritoneal  covering,  which  invests  the  whole  of 
the  organ,  except  the  lower  border,  and  of  a 
firm,  white,  fibrous  coat,  tunica  albuginea  s. 
propria^    This  coat  is         in  thickness,  and 
firmly  encloses  the  whole  parenchyma,  with 
which  it  is  intimately  connected.  Although 
not  sharply  defined  from  the  stroma,  it  does 
not  send  inwards  any  processes  into  its  sub- 
stance, and,  in  this  respect,  differs  from  the 
corresponding  tunic  of  the  testicle,  with  which, 
in  regard  of  structure,  it  exactly  corresponds. 
The  stroma  is  a  dense  fibrous  substance,  of  a 
reddish-grey  colour,  and  moderately  firm.  It 
is  formed  of  nucleated  connective  tissue,  in 
which  the  fibrillse  are  but  indistinctly  visible, 
and  this  supports  the  Graafian  follicles  and  the 
vessels.    At  the  lower  border  of  the  ovary, 
where  the  vessels  enter,  and  where  Graafian 
follicles  are  never  situated,  it  forms  a  compact  lamella,  which 
extends  into  the  interior  of  the  organ,  and  radiates  hence  towards 
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Transverse  section  of 
the  ovary  of  a  female, 
■who  died  in  the  fifth 
month  of  presrnancy.  a. 
Graafian  follicles  of  the 
lower  surface;  h.  the 
same  of  the  upper  sur- 
face; c.  peritoneal  la- 
mella of  the  lig.  latum, 
continuing  upon  the 
ovary,  and  Wending, 
witli  d.,  its  tunica  albu- 
ginea ;  e.  stroma  of  the 
ovary.  In  the  interior 
are  seen  two  corpora  al- 
hicantia  (tlie  remains  of 
corpora  lutea) . 
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c        ov.rl  flip  free  border  of  the  organ,  so  that  a 
the  two  surfaces  and  tiie  nee  uuiuc  n 

tome"  we  xnay  vneet  with  but  few  (between  two  and  ten,  for 

and  cl2.    The'former  ean  be  compared  most  suitably  to  a 
mucous  membrane,  and  presents  the  fol-  hs.  m. 

lowing  elements  :  i.  The  turdca  fibrosa  or 
theca  folliculi  of  «.  Baer,  a  fibro-vascular 
layer  of  considerable  relative  thickness, 
which  is  connected  with  the  stroma  of  the 
ovary  by  somewhat  loose  tissue,  and,  con- 
sequently, is  easily  separable  as  a  whole. 
The  outer  layer  of  this  membrane,  which 
is  somewhat  firmer,  and  reddish-white  in 
colour  (fig.  184,  a),  i«  distinguished  by 

«.  Baer  from  the  inner  lamina  which  is  ^^^^^-i;;,;r^^i,„. 
thicker,  softer,  and  more  distmctly  red  in  m^-^i^^SZ^i 
hue  (fig.  184,  h) ;  but,  it  is  to  be  remarked  ^^.f,~-^^ 
that  the  inner  layer  also  can  be  split  inio  i,^^,^,, 
two  parts,  and  that  both  the  outer  and  the  . 
inner  lamina  consist  of  the  same  "^^^eated  eomecUve 
developed  and  interspersed  with  ^  ms  the 

five  cells.    A  delicate  structureless  membrana  propua 
r^er  toundary  of  the  fibrous  tunic  in  young  ^>^^^ 
subsequently,  can  often  be  ^7°-*  f  f^^^  ^I'f 
by  the  action  of  alkalies.    ^.  Au  ep^thehum      ne  gr^  J^^^ 

J  lines  the  whole 

follic^    oiftrside  turned'  towards  the  surface  of  the  ovary, 
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Graafian  follicle  of  the  pig; 
magnified  about  10  times  «. 
Outer,  b.  inner,  layer  of  the 
coat  of_the  fomc  e  ;  . 
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where  the  ovum  is  situated^  the  granular  layer  presents  a  papilliform 
thickening,  projecting  inwards,  around  the  ovum,  for  in  breadth, 
and  named  the  germinal  eminence,  or  cumulus proligerus  (fig.  1 84,  e) . 
The  roundish,  polygonal  cells  of  this  epithelial  layer  are  0  003'''  to 
0*004'"' in  size,  and  are  arranged  in  several  layers;  they  are  fur- 
nished with  rather  large  nuclei,  and  frequently  contain  some  yel- 
lowish fat-granules.  These  cells  are  extremely  delicate,  and  become 
indistinct  soon  after  death,  so  that  then  the  whole  epithelium 
appears  only  as  a  finely-granular  membrane,  with  numerous  naclei. 
In  the  interior  of  the  follicle  there  is  a  clear,  slightly  yellowish 
fluid  —  liquor  folliculi — of  the  nature  of  the  blood-serum;  this 
almost  always  contains  separate  granules,  nuclei,  and  cells,  that 
can  scarcely  be  anything  else  than  detached  parts  of  the  membrana 
granulosa,  and  have  not  had  their  origin  in  the  fluid  itself. 

In  the  germinal  eminence,  near  to  the  fibrous  tissue  of  the  fol- 
licle, and,  consequently,  in  the  most  projecting  part  of  it,  lies  the 
ovum,  or  ovulum^  imbedded  in  the  cells  of  which  the  eminence  is 
composed,  and  firmly  fixed  by  them.  When  the  follicle  bursts,  or 
if  it  be  ruptured,  the  ovulum  passes  out, 
surrounded  by  the  cells  of  the  cumulus  and 
the  neighbouring  parts  of  the  epithelium, 
which  embrace  it  after  the  manner  of  a  ring 
or  disc  (the  discus  proligerus,  or  germinal 
disc,  V.  Baer).  This  so-called  disc,  however, 
is  not  only  placed  so  as  to  encircle  the 
greatest  breadth  of  the  ovum,  but  completely 
encloses  it  on  ail  sides.  The  ovulum  itself 
is  a  spherical  vesicle,  measuring,  in  the 
mature  condition,  to  which,  though 
peculiar  in  some  respects,  still  has  the  nature 
and  structure  of  a  simple  cell.  The  cell- 
membrane,  or  vitelline  membrane,  is  of  the  unusual  thickness  of 
0'004"'  to  0*005'",  and  is  seen  by  the  microscope  to  surround  the 
contents,  or  yelk  {vitellus),  as  a  clear,  transparent  ring,  whence  it 
is  also  called  zo7ia  pellucida.  It  is  structureless,  very  elastic  and 
firm,  so  that  it  can  support  a  considerable  distension  without 
tearing,  and,  in  its  chemical  characters,  it  completely  agrees  with 
the  memhrance  proprice  (§  14).  The  slightly  yellowish  yelk,  which, 
in  fresh  ovula,  completely  fills  the  vitelline  membrane,  consists  of 
a  viscid  fluid,  with  numerous  fine  pale  granules  interspersed  in  it. 
In  mature  ovula,  some  fat-granules  are  also  seen,  and  in  these  we 
discover  a  beautiful  vesicular  nucleus,  placed  on  one  side  of  the 


Fig.  185. 


Human  ovulum,  from  a 
middle  sized  follicle  ;  mag- 
nified 250  times,  a.  Vitel- 
line membrane  (zona  pellu- 
cida) ;  h.  outer  limit  of  the 
yelk,  and,  at  the  same  time, 
boundary  of  the  vitelline 
membrane  ;  c.  germinal  ve- 
sicle, with  the  germinal 
spot. 
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i„  flinmpter    The  contents  of  tliis 
„11,  ...d  »—.5  0  0.    ■»  ..  „„,.  ,„M 

Tf  the  uterus.  In  the  human  sub  ect,  these  canals  do  not  open 
rut:":.y,no.  a.  the^  connected  ^^1^^;-^^%^^ 
they  contain  nothing  but  a  small  quant  y  «f  J^J  f  f^^^  ^  ^ 

Zy  t 'of  interest  only  as  being  the  remains  of  an  embryon.o 

""Zteries  of  the  ovary  are  derived  from  the  spermatic  and 
uterte  ar  er  es,  and  pass  upwards  into  the  ovary  between  the  two 
LZrof  ü.e'broad'ligament.    They  appear  a— ro^  s>^^^^^ 
trunks  which  run  onwards,  in  a  tortuous  manner,  m  the  " U'sma 
parwS  stroma,  and  terminate,  partly  in  the  stroma  .  self  and 
St  in  the  tunica  albuginea.    They  are  more  especially  distn- 
buted  n  the  walls  of  the  Graafian  follicles,  where  they  form  aa 
ou  er  coarser  network,  and  an  inner  one  with  finer  meshes ;  and 
thf  ;eactes  as  far  as  the  membrana  granulosa.-The  anse 
l^  he  sat  places,  being,  in  the  human  ovary, 
tinctly  visible  in  the  walls  of  the  larger  follicles,  and  terminate  in 
he  uL^ne  and  internal  spermatic  veins^-Some  lymphaUc  trunk 
nass  out  at  the  hilus  of  the  ovary,  and  proceed  with  the  blood 
ve  els  to  the  lumbar  and  pelvic  glands.    With  regard  to  the 
7,  thev  arise  from  the  spermatic  plexus,  enter  the  ovary,  with 
r  ierieT,  rsmdl  trunklel  with  fine  nerve  tubules  and  '  fibres 
but  they  have  not  yet  been  investigated  with  regard  to 
their  ultimate  distribution. 

M,  option,  tJ.U.e  can.,  o.  t.e  ^'^^^^^ 

cysts  of  the  bioaa  ^  .  -^  ^^^^       ent  in  large  numbers  on 

direct  ''^^^"f^Jm^tlo  üso  found  ciliated  epithelium.  In  the  ova 
o^\rr  abUt  "  noticed  a  fine  radiating  striated  structure  in  the 
:  nfpeltid;,  which  is  probably  to  be  ascribed  to  narnute  pore-canals. 
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§  204.  Detachment  and  Re-formation  of  the  Ovula. —  Corpora 
Lutea. — Trom  the  commencement  of  puberty  onwards  to  the 
period  of  involution,  there  takes  place  in  the  ovaries  a  continual 
detachment  of  the  ovula  by  the  dehiscence  of  the  Graafian  fol- 
licles; and  this  occurs  equally  in  married  women  and  virgins, 
independently  of  sexual  intercourse.  It  takes  place  especially  at 
the  menstrual  period,  although,  under  circumstances  not  yet  accu- 
rately ascertained,  it  may,  and  frequently  does,  occur  at  other 
times.  In  animals,  the  same  process  presents  itself  at  the  period 
of  '  heat,^  but  here  sexual  union  appears  to  be  a  more  necessary 
condition  for  its  completion;  here,  also,  the  anatomical  changes 
can  be  traced  in  great  perfection,  whilst,  in  the  human  female,  the 
opportunity  of  making  such  observations  is  much  more  seldom 
presented. 

When  the  Graafian  follicles  approach  the  period  of  bursting, 
they  gradually  enlarge  until  they  acquire  a  circumference  of  4  to 
6  lines  and  upwards,  and  they  come  nearer  and  nearer  to  the 
surface,  until  at  last  they  project  beyond  it  in  a  wart-like  or 
hemispherical  form,  being  only  covered  by  a  thin  pellicle  of  the 
extremely  attenuated  tunica  albuginea,  with  its  peritoneal  covering. 
At  the  same  time,  their  vessels  increase  to  an  unusual  degree,  and, 
by  continual  exudation  from  them,  the  liquor  folliculi  becomes 
more  and  more  abundant ;  meanwhile,  the  fibrous  coat  of  the 
follicle,  at  the  bottom  and  lateral  aspect,  but  not  where  the  ovulam 
is  situated,  becomes  thickened  internally,  and  the  membrana  gra- 
nulosa also  swells  somewhat,  and  possesses  larger  cells  (measuring 
up  to  Q-oi'^'  in  diameter).  When  these  processes  have  gone  on  to 
a  certain  extent,  the  thin  opposing  membranes  are  no  longer  able 
to  withstand  the  continued  and  increasing  pressure  from  the  in- 
terior of  the  follicle;  they  give  way  at  the  thinnest  and  most 
prominent  point,  exactly  where  the  ovulum  is  situated.  The  Fal- 
lopian tube,  then,  applying  itself  directly  over  the  follicle,  receives 
the  ovule  on  its  escape,  surrounded  by  the  cells  of  the  germinal 
eminence.  The  Graafian  follicle,  however,  has  not  at  this  stage 
completed  its  career,  for  it  becomes  the  seat  of  a  series  of  for- 
mations, partly  new,  in  consequence  of  which  it  becomes  converted 
into  the  so-called  corpus  luteum,  and  ultimately  disappears  alto- 
gether. 

These  yellow  bodies  {corpora  lutea)  are  best  marked  when  con- 
ception and  pregnancy  follow  upon  the  detachment  of  the  ovulum, 
and  in  their  most  developed  condition,  they  appear  as  roundish,  or 
oblong  firm  bodies,  generally  of  larger  size  than  the  previous  fol- 
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\         1»  tl,^^T  E,re  v^ible  exteinally  as  prominences,  and 
licles.    As  a  rule,  tli-v  aie  v  -U  ^^^^^       ^  „ 

exlnbit,  on  the  summ.t,  a  .uA..  acatm         ,  ^^^^ 
of  the  Graafian  folUe       TW  o«e     ^^^^  ^^^^  .^^^^  ^^^^  ^  .^^ 
of  the  ovary  is  formed  hy  a  ^    .  ^i^eated,  and  hence 

then  follows  a  yellcish  -scular  ^^^'^^^  ,fi,.  x86,  c:  ;  and 
having  the  appearance  of  86,  i  .  ,  filled 

in  the  interior  .e  find  a  cavrtr  of  vanou^=^e^^=  '  J^^^^^^ 
either  with  coagulated  ^^^^^l^''^ ^  IT  oridn  of  these 
fluid  tinned  with  ^'^'^  ^  r^er.  consist  of 

bodies,  it  is  easy  to  see  thai  tae  cem      i  tbe  toüicle, 

tte  blood  which  has  been  e^-'^'ijl^'^^?  ^^J^^I^^f  the  li.nor  fol- 
^th  or  without  an  admixture         f  of  the 

lieu:t ;  and  that  the  outer  fibrou.  eo..  Uow, 
original  fibrous  coat  ot  tte  folhcle  ^-^  J  i^er 
plicated  cortical  layer,  tt  ^^  "^f'J^^^^^^-Xle  which,  before  the 

S::;:::ber^S'^ous.si.ed  ^ ^ 

formed  into  an  imperfect  connective  a.ue  and  -to 
another  part  of  them  ^^^  ^^J^^:^  nuclei,  measuring 
.Uen  characterised  ,oy  t^   ^  ^1:1^  and  a  variable  number 
up  to  0-ci    to  ^  ^2    m  uztT;     _  vellow  bodT,  taTing 

of  vellow  fat-globules  in  the  -«noi     The  yel^  -^^  ^^^^ 

tUe  structure  here  ^--^^J^^^^^^^rof  pre^ancy    but  dm.ng 
time,  until  the  second  or  thud  niontn      I-  ^ 
this  period,  its  central  p^t  or  nu    u.  (-  -^^^^ 
blood-coagulnm,  or     ^f^tcl m^'Lcolorised,  whüe  the  yellow 

dually  decreases  m  ^^-^'^ ,ter  the  same  time,  tbe 
eoirical  layer  becomes  tbicU.  and  A^^^^^^^  ^ 

tissue  of  the  corpus  lu.eu-i  b..o  ^^^^,,^^^e  into  fibrous 

organised,  by  the  conversion  ot  i..  inner   uo  ^^^^^ 

tissue,  and  by  the  -,^lf--;/jro  ^  vou^  co-nnective  tissue 
pai.t,  in  which  meanwhJe,  m^^^^^^^^  body  commences  in 

is  bem-  formed,    llie  atropuj  advances  slowlv  till 

the  fourth  and  fifth  months  <^^^-  tve  died  in  äüd- 
tlie  period  ot  ?--non  =o  Aat  m  ^^^^^^  ^.^.^^^^^ 

l3ed  It  measui-es  4^^1-e^ on  - nietamoi-pbosed 
^:rSkrL^'^^r  appeared    or  -  become  a 

long  period,  and,  pei-.-^^r  ^^-^^rV 
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Sections  of  two  corpora  lutea  of 
natural  size.  1.  quite  recent,  eiglit 
days  after  conception ;  2.  from  the 
littli  month  of  pregnancy,  a.  tunica 
albuginea  of  the  ovary  ;  b.  stroma 
of  the  ovary;  c.  thiclcened  and  plaited 
fibrous  coat  of  the  folHele  (inner 
layer);  d.  blood-coaguluni ;  and  «>. 
decolorised  blood-coagulum  within 
the  preceding;  /.  fibrous  envelope 
which  limits  the  corpus  luteum. 


of  years. — Such  stunted  yellow  bodies  (constituting  the  corpora 
Fig.  186.  albicantia  and  nigra,  of  authors)  are 

at  first  definite  in  outline^  and  have  a 
dentated  nucleus  (which  rarely  pos- 
sesses a  cavity  )  of  a  greyish- white  or  red- 
dish colour^  sometimes  brown  or  even 
black  from  altered  hsematine.  Their 
cortex  presents  various  shades  of  yel- 
low, yellowish -white^  or  even  perfect 
whitC;  and  is  frequently  distinctly 
folded.  Subsequently,  however,  the 
so-called  corpora  albicantia  become 
transformed  into  irregular  spots,  whose 
borders  have  coalesced  with  the  stroma 
of  the  ovary.  Their  elements  consist 
of  fibres  of  a  more  embryonic  character, 
such  as  form  the  stroma  of  the  ovary  ; 
next,  of  various  pigment  molecules  and 
coloured  crystals  (hsematoidine,  myelin 
of  Virchotü)\  and,  thirdly,  of  white 
and  yellow  fat,  which  exists  in  the 
cortical  substance,  at  first  in  large  ceils,  round,  elongated,  or 
fusiform  in  shape,  but  ultimately  becomes  free  by  the  disinte- 
gration of  the  cells,  and  at  length  undergoes  absorption  more 
or  less  completely. 

In  those  yellow  bodies,  which  are  formed  at  a  period  other  than 
during  a  pregnancy,  the  processes  are  essentially  the  same  as  in  the 
others,  but  the  several  steps  follow  each  other  with  much  greater 
quickness,  so  that  these  bodies,  as  a  rule,  disappear  completely,  or 
almost  completely,  in  the  course  of  one  or  two  months,  and  on 
this  account  they  never  possess  the  peculiar  structure  of  the  bodies 
formed  during  pregnancy,  which  have  thus  received  the  name  of 
true  corpora  lutea. 

The  numerous  follicles,  which  are  continually  disappearing  from 
the  ovaries  during  the  whole  prime  of  life,  are  replaced,  even  in 
the  adult,  by  the  continual  production  of  ovi-capsules,  which  be- 
come developed  into  Graafian  follicles.  In  animals,  these  new 
formations,  that  are  met  with  at  the  period  of  heat,  are  very 
numerous.  They  were  first  observed  here  by  Barry,  Bisclioff,  and 
Steinlin,  and  are  extremely  easy  of  observation.  But  in  women,  no 
opportunity  has  presented  itself  of  observing  their  reproduction  ; 
and  it  is  only  from  the  circumstance,  that  in  the  normal  human 
ovary  also,  follicles  of  the  most  various  sizes  are  always  found,  that 
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.^  tlinf  there  aoes  on  a  continual  formation  of  them. 

is  probably  the  time  for  the  production  of  these  toUicles  ineu 
his^oScal  development  has  been  studied  in  ^r^^fX:!:!fZi 
to  agree  exactly  with  the  mode  of  ongm,  presently  to  be  described, 
of  the  primitive  follicles  of  the  embryo. 

§  205.  Fallopian  Tubes  and  Üteru.-Oi  the  three  coats  of  the 
Fallopian  tubes!  the  outermost,  belonging  to  the  peritoneum,  pre- 
en  : Cthiug  w'orthy  of  remark.  The  midclle  0--°*  ^^^^ 
coat  is  moderately  thick,  especially  at  the  internal  half  of  the  tube, 
Td  r  ists  of  External  longitudinal,  and  i— ^^^^  ^^^^^^^^ 
The  innermost  coat  is  the  mucous  membrane,  ^  t^""'  ^"^'^"i 
white  layer  which  is  connected  with  the  muscular  coat  by  a  small 
1  ntity'o  'submucous  tissue;  it  presents  no  glands  or  villi,  bu 
ZL  longitudinal  folds,  and  consists  of 

tissue,  with  numerous  fusiform  formative  «f ^^ne 
to  the  free  border  of  the  fii*^^^ 

rdtS  "S.  a.  very  distinc.  pro^^ 

a  current  with  a  direction  from  the  ostium  ahdcmnah  to  the  ostium 
iZ^ä  are  probably  concerned  in  the  onward  movement  of 
nvnla  but  not  of  tlie  semen.  .     ,  i 

ThetL'fhas  the  same  composition  as  the  Fallopian  ube,  only 
the  muliar  and  mucous  coats  are  much  rt'-^- 
respects  differently  arranged.    The  ^-«-^1^;'^°='*' °;,;jt,;;,t 
dish  colour  may  be  best  described  as  consistmg  of  three  layers, 
thie  Ire  n'ot  sharply  defined  from  each  other  as  m  the  mus- 
^„lar  strata  of  the  intestines  and  other  parts.    The  outer  layer 
c  IS  stfo   longitudinal  and  transverse  fibres,  the  for-r  of  which 
Ttends  as  a  continuous  thin  layer  intimately  connected  with  the 
ne  "oneal  coat,  over  the  fundus  and  the  anterior  and  posterior 
su  ice    as  far  as  the  cervix,  whilst  the  thicker  transverse  fibres 
p^frold  the  organ,  and  are  partly  coiitinued  beyond  the  uterus 
Lto  the  round  and  broad  ligaments,  the  ligament  of  the  ovary, 
and  upon  the  Fallopian  tubes.    The  middle  layer  is  the  thickest, 
and  T  formed   of  flat  fasciculi,  running  transversely,  longi- 
tudina  ly   Ind  obliquely,  and  variously  interwoven  through  each 
Irakis  layer'conUs  large  --Is  -pe^^^^^^^^^^ 
hence  in  the  pregnant  uterus  more  especially,  it  exh  bits  a  spon  y 
anneXce     The  innermost  layer,  lastly,  is  again  thinner,  and  is 
formed  by  a  network  of  fibres,  some  thui  and  longitudinal,  otlu.1. 
th  X  and  passing  in  directions  transverse  and  obhqne;  and 
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these  often  present  very  distinct  rings  at  tlie  openings  of  tlie 
rallopian  tubes.  In  the  fundus,  where  the  uterus  possesses  the 
greatest  thickness,  the  middle  layer  is  thickest,  and  is  composed 
as  it  were  of  several  laminse,  whilst  at  the  cervix,  where  the  organ 
is  thinner,  transverse  fibres,  intermingled  with  scattered  longi- 
tudinal ones,  are  chiefly  to  be  met  with.  Towards  the  external 
OS  uteri,  and  around  this  aperture,  are  situated  very  well  developed 
circular  fibres,  immediately  beneath  the  mucous  membrane,  and 
these  may  be  designated  the  sphincter  uteri. — With  reference  to 
these  elements,  all  these  layers  consist  of  short  (o"02'"  to  0-03"'  in 
length)  fusiform  fibre-cells,  with  oval  nuclei  arranged  longitudinally : 
these  can  only  be  isolated  with  difficulty,  on  account  of  the  large 
quantity  of  nucleated  connective  tissue  of  embryonic  characters 
which  passes  between  them;  even  on  the  employment  of  nitric 
acid  of  20  per  cent.,  these  fibre-cells  do  not  come  so  distinctly 
to  view  as  in  other  places. 

The  mucous  membrane  of  the  uterus  is  a  white  or  reddish-white 
membrane,  which  is  firmly  connected  with  the  muscular  coat,  and 
cannot  be  dissected  away  from  it ;  upon  section,  however,  it  is 
distinguished  from  it,  although  not  sharply,  by  its  brighter  colour. 
In  its  basement  layer  and  its  epithelium,  this  membrane  has  the 
same  structure  everywhere  in  the  uterus;  the  former  consisting 
of  that  connective  tissue  which  is  seen  throughout  the  female 
genital  organs,  containing  undeveloped  nuclei  and  fibre-cells,  but 
no  elastic  elements ;  the  epithelium  being  throughout  a  simple  layer 
of  the  ciliated  variety,  with  pale  cells,  measuring  up  to  O'oi'"  in 
diameter,  and  delicate  cilia  which  produce  a  current  from  without 
inwards.  In  other  respects,  however,  the  mucous  membrane  of 
the  uterus  exhibits  a  diff'erent  structure  in  the  body,  fundus  and 
cervical  canal.  At  the  former  place  it  is  thinner  and  more  deli- 
cate, measuring  only  from  half  a  line  to  a  line,  and  has  a  more 
reddish  colour.  Its  inner  surface  is  here  smooth  and  without 
papillje,  but  occasionally  presents  some  large  folds.  Here  are 
found  very  many  small  glands,  the  tubular  glands  of  the  uterus, 
named  also  the  uterivie  glands  (glandul(e  utriculares  s.  uterince), 
which  possess  the  greatest  resemblance  to  the  glands  of  Lieherkühn 
in  the  intestine,  and  are  simple  or  furcated  tubes,  arranged  closely 
together,  of  the  same  length  as  the  thickness  of  the  mucous  mem- 
brane, and  0-02'"  to  0-03"'  in  breadth;  they  are  not  unfrequently 
twisted  spirally  at  their  extremities.  They  consist  of  a  very 
delicate  structureless  coat,  lined  by  a  regular  cylindrical  epithe- 
lium, and  they  open  to  the  surface  of  the  mucous  membrane,  either 
singly  or  in  groups  of  twos  or  threes  together,  with  apertures 
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in  diameter  In  their  normal  condition,  these  glands  contain  no 
Ijjolojcal  particles;  bnt  their  epithelium  .  ^^J^fj^^ 
ZL,  an^d  mfy  ap^.ear  as  a  ^^^^^^J^!.^ 
Ä:";?         atÄ^-S.        .ears  old ;  . 

thicker  than  in  the  body  ;  it  averages  i    to  li       *>ckne^  and 

Sm  ^m,  .  .»11«  "~i.  ""r",'  "'f  x'-^ii  ilz 

Ml,*.,  wl,„e  .,»t.™.  .r.  M  ' "  ,1  ."»"« 

network  of  coarser  capillaries  (o  006    '°  °  °J         ,  ,^ 

Xarl    The  lymphatics,  f     P^^fJ^  " ~ 

itrtLtrb"^^^^  ^^^^'^  ^"-^"'^  accompanying 

£  bloorvessel,  partly  to  the  lumbar  plexus  m  company  .ith 
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the  spermatic  vein.  The  nerves  of  the  uterus^  which  contain  many 
fine  nerve-tubes,  and  a  few  isolated  thick  ones,  come  from  the 
plexus  hypogastrici  and  pudendi,  and  pass  to  the  uterus  from  the 
broad  ligament,  in  which  they  form  a  plexus;  they  generally 
follow  the  course  of  the  vessels,  and  ramify  in  the  muscular  sub- 
stance from  the  fundus  to  the  cervix,  at  which  latter  place  they 
are  most  numerous.  They  are  white,  and  possess  no  ganglia  in  the 
substance  of  the  uterus ;  their  arrangement  and  termination  in 
the  mucous  membrane  are  unknown. 

Of  the  ligaments  of  the  uterus,  the  ligaineiita  lata,  ariteriora  and 
posteriora,  are  duplicatures  of  the  peritoneum,  which,  besides  the 
afferent  and  efferent  vessels  and  nerves,  contain  a  considerable 
number  of  smooth  muscular  fibres,  continuous  with  those  of  the 
uterus.  The  same  tissue,  likewise  coming  from  the  uterus,  is 
found  sparingly  in  the  ligamenta  ovarii,  and  in  very  considerable 
quantity  in  the  round  ligaments,  where  it  forms  longitudinal 
bundles  surrounded  by  connective  tissue.  At  the  internal  in- 
guinal ring,  these  fibres  are  joined  by  numerous  others  of  the 
transversely  striated  kind,  which  often  extend  along  the  round 
ligament  nearly  to  the  uterus. 

The  Fallopian  tube  has  occasionally  two  or  even  three  ostia  aMo?ninalia. 
G.  Bicliard,  who  first  pointed  out  these  anomalies  (Anat.  des  Trompes  de 
V  Uterus,  These,  Paris,  1851)  has  met  with  them  five  times  in  thirty  cases 
examined  by  him,  and  he  has  also  seen  blind  accessory  ostia  furnished  with 
fimbriae.  Similar  cases  have  recently  been  described  by  W.  Merkel  {Beit.  z. 
path.  Entw.  d.  Ge?iit.  Erl.,  1856,  Diss). 

§  206.  Changes  of  the  Uterus  at  the  Period  of  Menstruation  and 
Pregjiancy. — During  the  period  of  the  menses,  the  whole  uterus 
enlarges  and  becomes  looser  in  texture.  This  appears  to  result, 
however,  rather  from  the  dilatation  of  the  vessels,  and  the  great  in- 
filtration of  the. entire  organ  with  blood-plasma,  than  from  any  other 
alteration  in  the  elements  of  the  muscular  substance  :  at  any  rate, 
I  have  witnessed  no  other  change  in  them,  except  that  they  were 
easier  of  demonstration.  On  the  other  hand,  the  mucous  mem- 
brane, in  many  cases,  really  does  increase ;  it  becomes  softer  and 
thickened  to  1'",  2"'  to  3'",  and  in  its  projecting  folds  even  up  to 
5'''  or  6"' :  it  presents  also  at  this  time,  beautiful  easily  separable 
tubular  glands,  1"  to  3'"  in  length  and  0-036'"  to  0*04'''  in  breadth, 
and  in  the  tissue  of  the  mucous  membrane  are  found  numerous 
young  cells,  round  and  fusiform  in  shape.  The  blood-vessels  of 
the  mucous  membrane,  from  which  the  menstrual  fluid  is  chiefly 
derived,  are  now  extremely  numerous,  and  are  enlarged  over  the 
entire  circumference  of  the  uterus,  especially  in  the  fundus  and 
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body;  this  enlargement  especially  affects  the  ^P-j-^^J^^^*^ 
on  which  account  the  mucous  membrane  appears  of  a  bught  red 
colour    With  the  effusion  of  the  blood  consequent  on  the  ruptu 
of  the  superficial  capillaries,  the  epithelial  lining  of  he  body  an 
Ldus  is  for  the  most  part  also  thrown  off,  and  its  cells  are  always 
found  in  large  quantities,  mixed  with  the  blood  and  mucus  wh.ch 
fiU  he  cavity  of  the  uterus;  on  the  other  hand,  we  are  not  to  re- 
garS  as  a  normal  process  the  detachment  of  the  mucous  membrane 
L  a  whole  or  in  fragments,  which  sometimes  occurs  '^^^ 
the  catamenia.  After  the  menses,  the  parts  qmcldy  return  to  their 
previous  condition,  and  the  epithelium  is  formed  anew. 
^  Of  an  entirely  different  character  are  the  changes  winch  are 
produced  in  the  uterus  by  pregnancy  ;  among  1^---' 
microscopical  point  of  view,  only  the  uicrease  of  the  organ  1.  of 
Merest.'  This' enlargement,  as  is  well  known,  depends  upon  an 
enormous  increase  in  the  circumference  and  m  the  cavity  of  the 
"  and  upon  an  increase  in  substance  a-ounting  on  an  average 
(J  F  Meckel)  to  twenty-four  times  the  original  bulk,  the  th  ck 
Iii  of  the  wills  is  at  first  increased,  but  it  a^erwai*  a_^^^ 
usually  from  the  fifth  month  of  pregnancy  onwards  The  eh  et  seat 
"  the  changes  by  which  the  increase  in  volume  is  effected,  is  m 
the  muscular  substance  of  the  uterus.  Here  there  are  two  processes 
which  operate  together  to  effect  this  increase;  first  an  enlarge 
ment  of  the  muscular  elements  already  existing,  and  secondly,  a 
new  formation  of  similar  elements.     The  former  method  is  so 
Isiderable,  that  the  contractile  fibre-cells,  -^-d  o  being 
0-02'"  to  0  03'"  in  length,  and  0-002'"  m  breadth,  as  at  other 
times,  measure  at  the  fifth  month  of  pregnancy  o- 06    to  o  12 
li  length,  0-0025'"  to  0-006"',  or  even  0-0:"'  -  —  •. 
latter  half  of  the  sixth  month,  they  measure  ° /    t°  °  ^5  m 
leno-th  0-004'"  to  o-oo6"'  in  breadth,  0-002    to  0-0028     n  thick- 
nest;  so  tha't  they  increase  between  seven  and  e -en  tunes  in 
long  h,  and  between  two  and  five  times  m  breadth.    The  new 
formation  of  muscular  fibres  is  especially  to  be  observed  at  the 
beginning  of  pregnancy  in  the  innermost  layers  of  lie —^^^ 
coat  where  newly  formed  round  cells,  o-Qi     to  o-oi8    m  d,. 
am  er,  are  found  in  large  quantities  and  in  all  states  of  transi^on 
Lto  fibre-cells  of  0-02"  to  0-03"'  in  length;  this  process,  how- 
ever  is  not  absent  even  in  the  outer  layers.    From  the  sixth 
month  onwards,  the  mode  of  development  of  muscular  fibres 
Tpears  to  cease;  at  least,  in  the  twenty-sixth  week  I  have  found 
nothing  but  colossal  fibre-cells  in  the  whole  uterus,  and  no  trace 
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of  earlier  forms.    Like  the 

Fig.  187. 


iilar  fibres  themselves,  the  fibrous 
tissue  which  unites  them  also  in- 
creases, and  presents  here  and 
there,  towards  the  end  of  preg- 
nancy, distinct  fibrillae. 

Whilst  the  muscular  coat  is 
growing  in  this  manner,  the  mu- 
cous membrane  is  also  under- 
going alterations  of  various  kinds. 
It  is  the  mucous  membrane  espe- 
cially which  is  the  seat  of  the 
earliest  metamorphoses  of  the 
gravid  uterus,  for  as  early  as  the 
second  week,  it  thickens  to  two 
or  three  lines,  becomes  softer, 
looser  and  redder,  acquires  more 
prominent  folds,  and  becomes 
more  distinctly  marked  off"  from 
the  muscular  coat;  these  peculi- 
arities are  more  and  more  dis- 
tinct as  the  pregnancy  is  farther 
advanced.  Microscopically  ex- 
amined, the  vessels  of  the  mucous 
membrane  are  seen  to  be  more 
dilated,  and  we  may  observe  an 
abundant  new  formation  of  con- 
nective tissue  in  its  parenchyma, 
while  considerable  enlargement  of 
the  tubular  glands  has  also  taken 
place;  these  latter  now  measur- 
ing two  or  three  lines  in  length, 
and  0*04"'  to  o-ii'''  (o'o8'"  on 
an  average)  in  breadth.  In  the 
further  course  of  the  changes, 
the  greater  part  of  the  hyper- 
trophied  mucous  membrane  goes 
to  form  the  well-known  decidua 
vera,  whilst  another  portion  at 
the  point  of  attachment  of  the 
Ovulum  is  transformed  into  the 
placenta  uterina,  the  decidua  re- 
flexa  arising  around  the  ovulum 
by  a  growth  from  the  border  of 
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this  last-mentio.ed  portion.    These  processes,  however,  we  will  n^^^^^ 
further  discuss  in  this  place.    Two  or  three  points  it  may  be  well 
to  remark  :— Firstly,  that  the  uterine  glands 
in  the  decidua  vera  are  gradually  converted 
into  wide  saccules,  whose  openings  give  a 
cribriform  appearance  to  it,  and  to  the  border 
of  the  refl,exa.    Another  point  to  be  noted 
is,  that  the  deciduse  gradually  decrease  in 
thickness  from  the  second  month  onwards, 
although  in  actual  bulk  they  continue  to 
increase  for  a  much  longer  period,  in  con- 
sequence of  the  enlargement  of  the  inner 
surface  of  the  uterus.    Lastly,  we  may  ob- 
serve, that  the  tissue  of  the  decidua  always 
consists  of  round  cells  of  various  size,  with 
one  or  more  very  conspicuous  nuclei ;  along 
with  these,  we  find  colossal  fibre-cells  with 
beautiful  large  nuclei,  and  also  numerous 
vessels,  especially  in  the  decidua  vera :  on 
the  other  hand,  after  the  first  month,  there 
is  no  longer  any  epithelium  to  be  found  on 
either  decidua.— The  mucous  membrane  of 
the  cervix  takes  no  part  in  the  formation 
of  the  decidua,  and  retains  its  epithelium 
(which  has  no  cilia)  during  the  whole  period 
of  pregnancy.    Yet  it  likewise  swells  up  and 
becomes  enlarged,  its  mucous  follicles  more 
especially,  which   secrete   the  well-known 
plugs  of  mucus  that  complete  the  occlusion 
of  the  canal  of  the  cervix. 

In  the  course  of  pregnancy,  the  serous  covering  to  the  uterus 
distinctly  increases  in  thickness,  but  not  to  the  same  degree  as  the 
mucous  membrane;  on  the  other  hand,  the  thickenmg  of  the 
uterine  ligaments,  especially  of  the  lig.  rotundum,  is  very  distinct; 
and  this  depends  upon  changes  of  their  smooth  muscular  fibres, 
similar  to  those  which  have  been  described  as  occurring  m  the 
uterus;  perhaps,  also,  the  thickening  may  in  part  depend  upon  an 
increase  of  the  transversely  striped  fasciculi.    The  growth  of  he 
blood-vessels  and  lymphatics  in  length  and  circumference  is  like- 
wise evident,  and  this,  too,  is  in  great  measure  to  be  attributed  to 
enlargement  and  new  development  of  muscular  elements,  which  m 
the  veins  can  be  demonstrated  both  in  their  tunica  adventitia  and 
tunica  intlma.    With  regard  to  the  nerves,  they  likewise  become 


A  uterine  gland  from  a 
Primipara,  eight  days  after 
conception. 
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thickened,  yet  it  is  doubtful  whether  new  nerve-tubes  really  arise 
in  them.  It  is  certain,  however,  that  the  existing  elements  in- 
crease in  breadth  and  length,  retain  their  dark-bordered  contours, 
and  can  be  traced  further  into  the  substance  of  the  organ  than  at 
other  times. 

The  diminution  of  the  uterus  after  parturition, 
and  the  re-establishment  of  a  condition  resembling 
though  not  identical  with  that  which  x^receded  con- 
ception, takes  place  in  the  several  parts  of  the  organ 
in  a  slightly  different  manner.  In  the  muscular  coat, 
an  atrophy  of  the  contractile  fibre-cells  is  obviously 
the  chief  means  of  reduction,  inasmuch  as,  three 
weeks  after  birth,  these  elements  again  present  the 
same  length  (0-03"')  as  in  the  virgin  uterus,  while  a 
formation  of  fat  is  going  on  in  their  interior :  still, 
however,  a  complete  absorption  of  certain  muscular 
fibres  may  be  superadded  to  this.    The  case  is  dif- 
ferent with  the  mucous  membrane,  which  is  com- 
pletely thrown  off  after  parturition  in  the  form  of 
the  deciduce  and  placenta  uterina,  and  thus  has  to 
be  entirely  formed  anew.     The  more  intimate  pro- 
cesses of  their  regeneration,  which  is  unique  in  its 
kind,  have  not  yet  been  followed,  still  it  is  more  than 
probable,  that  it  is  completed  within  the  first  two  or 
three  months  after  child-birth.    It  is  obvious,  also, 
that  the  serous  coat,  and  the  vessels  and  nerves  of 
the  uterus,  enter  into  a  retrogressive  metamorphosis, 
though  the  particulars  of  this  change  have  not  yet 
been  investigated. 


cells  of  tlie  uterus, 
three  weeks  after 
parturition ;  of  a 
pale  appearance, 
from  being  treat- 
ed with  acetic 
acid.  a.  their  nu- 
clei ;  Y-  fat-gra- 
nules in  their  in- 
terior. Magnified 
350  times. 


§  207.  Vagina  and  External  Parts  of  Generation.— The  walls 
of  the  vagina,  one  line  in  thickness,  consist  of  an  external  fibrous 
coat,  a  middle  muscular  layer  and  a  mucous  membrane.  The 
fibrous  coat,  thin  and  whitish,  consists  of  a  connective  tissue,  with 
numerous  elastic  fibres  and  networks  of  veins;  externally  it  is 
more  lax,  but  it  is  denser  at  its  internal  aspect  where  it  passes 
without  any  line  of  demarcation  into  the  second  coat.  This 
stratum  has  a  redder  colour  than  the  outer  coat,  and  contains  con- 
nective tissue  and  numerous  veins,  together  with  a  considerable 
number  of  well  developed  smooth  muscular  fibres,  which  are  parti- 
cularly well  seen  during  pregnancy.  The  fibre-cells,  o-oV"  to 
0'o8'"  in  length,  are  arranged  in  transverse   and  longitudinal 
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fasciculi,  and  constitute  a  true  muscular  coat.  The  mucous  mem- 
brane is  of  a  pale  reddish  colour,  is  studded  with  numerous  folds  and 
eminences  of  variable  size-the  cdu^nnae  rugaru,n^.nä  ,s  composed 
of  a  dense  connective  tissue  without  glands,  vvh>ch  possesses  elas  c 
elements  in  large  quantity,  and  is  consequently  remaricable  for  its 
gleit  firmness  ^nd  extensibility.  The  inner  surface  of  h..  mucous 
membrane  exhibits  numerous  filiform  and  con.ea  papüte,  o-o6  to 
o  08'"  in  length,  and  0-025'"  to  0-03'"  in  breadth  ff  Z^^' 
pletely  imbedded  in  a  pavement  epithehum  0-07  to  o  09  thick, 
of  the  same  kind  as  in  the  cesopkagus  ;  the  uppermost  ceUs,  which 
Z  flattened,  measure  o  oi"'  to  o-oij'"  in  d.ameter,  and  contain 
nuclei  0  003'"  in  diameter.  The  hymen  is  a  dupl.catme  of  the 
vaginal  mucous  membrane,  and  possesses  the  same  elements. 

Irom  the  vagina,  the  mucous  membrane  also  e..tends  upon  th 
external  genitals,  covers  the  glans  clitondis  and  the  vestibule  with 
the  opening  of  the  urethra,  while  folds  of  it  lorm  the  prepuHum 
cütoridü  Tnd  the  labia  minora.    At  the  labia  majora  it  passes 
uninterruptedly  into  the  external  integument :   on  tl>eir  inner 
side,  and  at  the  commissure,  the  integument  of  tne  greatei  labia 
presents  more  the  characters  of  a  mucous  membrane,  whilst  at 
their  borders,  on  their  outer  surface,  and  on  the  mons  veneru,  it  com- 
pletely resembles  the  cutis.  The  fundamental  portion  of  the  mucous 
membrane  of  the  external  genitals,  consists  of  a  loose  connective 
tissue,  with  numerous  fine  elastic  fibres  and  free  from  fat  m  which 
numerous  vessels  ramify.    The  condensed  outer  layer  of  this  mem- 
brane il'"  to  1"'  thick),  corresponding  to  the  corium,  possesses  every- 
where very  well  developed  papilla,  (measuring  in  the  labia  mmora 
V'"  to  J',  on  the  clitoris,  .V"  to  i  "'     l-'^S*)'  ^'"^  ^  lamellated 
pavement  epithelium,  0-04'"  to  o-i2;;  in  thickness  -h-«  ™- 
superficial  cells  measure  0  01'"  to  0-02'"  m  d.ameter  (fig.  40,  4)-  Tne 
uteguments  covering  the  labia  majora  agree  xii  their  structoe 
partty  with  the  mucous  membrane,  partly  with  the  cutis;  and 
these  parts  contain  ordinary  adipose  tissue  in  their  interior. 

The  external  genital  organs  are  provided  with  various  glands, 
some  larger  and  some  smaller.  Sebaceous  glands  of  considerable 
size  ir  to  I'"),  and  usually  of  a  moniliform  shape,  are  found 
upon  the  labia  majora,  both  on  their  external  and  on  their  in- 
ternal aspects,  in  connection  with  larger  and  smaller  hair-folhcles ; 
„.ore  internally,  similar  glands  are  found  m  large  numbers  on 
Ü..Aabia  minora;  here  they  are  somewhat  smaller  (^V  to  ,  ) 
and  are  generally  independent  of  hairs;  lastly  these  glands  are 
oecasionaMy  obse  ved  around  the  opening  of  the  urethra,  and  on 
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either  side  at  tlie  entrance  of  the  vagina.  Next  we  meet  with 
mucous  glands,  having  the  ordinary  structure  of  racemose  glands^ 
which  measure  ^  to  diameter,  and  are  provided  with 

short  excretory  ducts  (sometimes,  however,  these  are  six  hues 
lon^)  openin-  to  the  surface  by  orifices,  which  are  sometimes  ot 
P-ood  size,  sometimes  very  difficult  of  detection.  These  glands  are 
found  in  very  variable  number  around  the  aperture  of  the  urethra, 
the  vestibule,  and  the  sides  of  the  entrance  of  the  vagina.  Lastly, 
there  are  met  with  at  the  lower  end  of  the  l)ulbs  of  the  vestibule, 
laterally  at  the  entrance  of  the  vagina,  the  two  glands  of  Bar- 
thoUni,  which  correspond  to  the  glands  of  Coicper  m  the  male; 
they  are  ordinarv  racemose  mucous  glands,  half  an  inch  m  di- 
ameter, with  pvriform  g]and  vesicles  (0-02'"  to  0-05'''  in  diameter), 
lined  by  a  pa.^^ment  epithelium,  and  imbedded  in  compact  con- 
nective üssue,  containing  nuclei,  but  destitute  of  muscular  fibres 
The  excretory  ducts  of  these  glands,  seven  to  eight  Imes  long,  halt 
a  line  broad,  have  a  mucous  membrane  lined  by  cylindrical  epithe- 
hal  cells  0-0 1'"  in  size,  and  external  to  this  a  delicate  longitudinal 
layer  of  smooth  muscular  fibres;  the  ducts  always  contain  a  viscid 
amorphous  mucus,  transparent,  and  of  a  yellowish  colour 

The  clitoris  with  its  two  corpora  cavernosa,  and  the  glans  con- 
nected with  the  bulbi  vestibuli-which  represent  in  the  female  the 
two  separate  halves  of  the  spongy  tissue  of  the  male  urethra- 
present  in  miniature  the  same  structure  as  the  corresponding  parts 
in  the  other  sex;  the  muscular  elements  can  here  be  more  easily 
isolated  than  in  the  male  organ.  -,  i 

The  blood-vessels  of  the  vagina  and  of  the  external  genital 
or-ans,  present  on  the  whole  but  little  subject  for  remark.  In 
the  papiUfe  of  the  different  parts,  we  generally  find  simple  vascular 
loops  and  only  when  these  papiUse  are  larger  or  compound,  as  is 
frequently  the  case  around  the  aperture  of  the  urethra,  do  we 
meet  with  several  loops  of  vessels  in  their  interior.  The  corpora 
cavernosa  present  the  same  arrangement  of  their  vessels  as  m  the 
male  and  according  to  Valentin,  arterm  Iielicinw  also  appear  to 
occur  in  the  clitoris.  The  venous  plexuses  in  the  walls  of  the 
vao-ina  above  the  bulbs  of  the  vestibule,  are  exceedingly  abundant 
yet  they  by  no  means  represent  true  cavernous  bodies,  as  Kobett 
supposed.  The  lymphatics  of  the  external  genitals  and  of  the 
vagina  are  numerous,  and  open  partly  into  the  ingmnal  glands, 
partly  into  the  pelvic  plexus.  The  nerves,  lastly,  arise  partly  from 
the  sympathetic,  partly  from  the  plexus  pude7idus,  and  are  ex- 
tremelv  numerous,  especially  in  the  clitoris,  though  they  are  not 
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difficult  to  find  even  in  the  vaginal  mucous  membrane.    In  the 
latter   ituation  they  are  seen  to  divide,  but  the,r  terminat>on 
ha  e  Mfterto  been  but  little  investigated.    I  have  never  found 
ne  ves  in  the  vascular  papdl»;  on  the  other  hand,  I  have  occa- 
rionally  observed  them  in  tl>e  clitoris  in  small  non-vascular  papll^ 
;hid/also  contained  rudimentary  tactile  corpuscles,  and  bo  h 
have  and  upon  the  surface  of  the  mucous  .^^ 
.vhich  also  structures  s.milar  to  tactde  ««'TU-les  may  be  detected 
here  and  there),  I  have  noticed  an  appearance  of  loops  upon  the 
nerves  both  on  the  finer  and  the  thicker  fibres.    In  the  chtons  of 
Z  2Tl)r.Nylander,  of  Helsingfors,  has  discovered  Paem.au 
ladies,  ;hich  I  have  also  seen  ;  and  junctions  between  the  nerve- 
tubules  in  the  papiUaj  by  means  of  loops. 

§  208.  P/„«ioZo<,KaZ7?emarfa.-The  development  of  the  internal 
parts  of  generation  in  the  female,  which  was  already  .poken  of 
Ite  (§  L),  completely  agrees  in  its  early  stages  ^^J^^, 
cess  observed  in  the  male;  and  it  is  only  after  some  tune  tnat  the 
histological  development  of  the  sexual  Fig.  1».  ^ 

glands  begins  to  be  different  m  the  two  / 
sexes:  it  is  to  be  remembered,  how-  , 

ever,  that  in  the  female,  the  Vfolffian  ^,  :  jf 

body,  beyond  forming  the  appendage  to 

the  ovary,  enters  into  no  further  re-  ^ 

lationwith  the  genital  organs;  wndst 

the  so-called  'ducts  of  Müller    are  ry  J 

transformed  into  the  Fallopian  tubes,    ^  j-"^ 

uterus  and  vagina.  With  regard  to  the  ^^^^^ 

histological  condition  of  their  parts,  it    ™,y  »t  J  »^''t'itt'SlSrS;',;; 

is  almost  onlv  the  ovaries  which  possess    a«.»  »m.  .«-r.Slun  S.mf- 

any  great  interest.    They  consist,  at  ^;^'i;J:y::'^^WStlSr. 

first,  of  ordinary  formative  cells,  mea-    H.uens; /.  vuciu„. .«c...a„o, 

l~e  latter,  according  to  Barr,,  first  present  themsaves  m  th 
form  of  small  groups  of  cells  (each  group  -^-^^^^^^Jj^^^Z 
contain  in  the  interior  a  clear  vesicle-the  germ  aal  ve.ic  e,  the.e 
!rC  however,  soon  assume  the  nature  of  folbcles,  by  the  fonn- 
atTon  externally  of  a  delicate  structureless  membrane  around  the 
S  ani  the  Lus  then  assume  the  characters  of  an  epUhelmm. 

H  H  2 
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Such  Graafian  follicles  (ovisacs,  Barry)  are  found  in  thousands  m 
the  ovaries  of  the  nearly  mature  foetus  and  of  the  newly-born  mfant, 
and  their  subsequent  development  is  very  easily  followed.  Ihe 
follicle  grows  by  the  multiplication  of  the  cells  of  its  epithehum 
(i  e.oi  the  membrana  granulosa),  and  at  the  same  time  a  fibrous 
vascular  envelope  is  formed  npon  it  from  without ;  meanwhile  a 
clear  substance  (in  man,  having  but  few  granules),  collects  in  the 
interior,  and  pushes  the  germinal  vesicle  (0-0065 "  to  0*008  m 
diameter),  with  its  germinal  spot  (o-ooi'^' to  o-ooi5''0.  f^om  the 
epithelium,  to  which  it  was  at  first  closely  apphed,  into  the  mid- 
dle of  the  follicle.    When  the  Graafian  follicle  has  attained  a 
diameter  of  0-02'",  another  envelope  appears  in  its  interior,  en- 
closing the  germinal  vesicle  and  the  entire  contents  of  the  folhcle, 
and  lying  closelv  upon  the  membrana  granulosa.    This  is  the 
vitelline  membrane,  which  all  authors  regard  as  a  secondary  for- 
mation, although,  perhaps,  it  is  present  even  in  the  very  earliest 
rudiment  of  the  follicle,  as  an  extremely  fine  membrane,  closely 
surrounding  the  germinal  vesicle.     At  all  events,  when  first 
traceable,  the  vitelline  membrane  is  extremely  delicate  and  scarcely 
perceptible,  but  subsequently  becomes  more  distinct  as  the  folhcle 
becomes  further  enlarged  and  acquires  new  fluid ;  for  now  it  gets 
removed  from  the  wall  of  the  folhcle,  and  shortly  also  becomes 
thickened.    In  follicles  of  0-04"'  to  0-05'"  in  diameter,  the  ovula 
are  already  perfectlv  distinct,  and  are  disproportionately  large, 
being  surrounded  with  a  delicate  zona,  and  still  lying  very  near 
to  the  walls  of  the  follicles.    The  further  development  can  be 
easily  understood ;  and  I  will  only  remark  further,  that  it  is  but 
rare  to  find  follicles  visible  to  the  naked  eye  in  newly-born  infants ; 
on  the  other  hand,  such  follicles  make  their  appearance  even  be- 
fore puberty,  but  not  until  this  period  do  they  begin  to  show 
themselves  conspicuously. 

According  to  what  has  been  said,  the  mode  of  origin  of  the 
Graafian  follicles  belongs  to  the  same  category  as  that  of  the 
tubular  glands.  The  first  commencement  is  a  heap  of  cells,  at  first, 
perhaps,  without  any  cavity  or  contents,  and  then  arises  the  struc- 
tureless membrane,  not  by  the  coalescence  of  the  outermost  cells, 
but  probably  as  a  secretion  from  them;  thus  a  follicle  is  formed, 
which  therefore  corresponds  in  all  respects  to  a  shut  gland  vesicle, 
or  to  a  portion  of  a  tubular  gland  canal.  It  is  doubtful  whence  the 
germinal  vesicle  and  the  vitelline  membrane  take  their  origin  :  the 
whole  ovum,  with  the  germinal  vesicle,  is  probably  nothing  else 
than  the  central  cell  of  the  primitive  rudiment  of  the  Graafian 
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ioUieles,  and  i.  '^'JZ^l^ 

be  regLed  as  a  secretion  from  the  delicate  vitelhue  membraae  m 
its  primitive  stage. 

The  secretions  of  the  female  ^-^f '^P^f^Xor^  in  tt 
a  whitish  mueus  in  the  uterus  which  P'^f  y"^;^  ^.,^,^^  tenacious 
the  uterine  glands,  and  has  an  alkalme  reaction;  *  '^'^f the 
alkahne  mucus  in  the  cervix  uten  (see  supra)^  '„tj^  orinm  named  by 
vagina,  which  very  often  contains  pus  ^-P-^h;  "  thr  x  bu  calis,  7?»/; 
non„S  the  tricM,no,u.s  -^««i';' ^^^''.f^fj;^^^^^  is  discharged 

4.  the  clear  viscid  secretion  of  the  baittioimiai  „  , 
in  large  quantity  daring  copulation,  and  on  "^^^^'^'J'^^'Z  lets  -,  5.  the 

epithelial  layer  swims  in  flakes  th^f  «'«"•  >^ 
,m\ne„ce  is  generally  also  destroyed.   T'le  position 

of  the  Ovulum  can  .e  recognised  in  ^Hr^^^o^Utaifth  t!ilom 


r:  o",3'er  wXr,  and  the  larger  flakes  which  escape  are 
with  a  low  magnifying  power;  but  the  ovum         "^^^J  the 

fibres  of  the  Fallopian  tubes,  of  the  ^s  ^^^^^^^ 

.!^rin  the  Faflopian  tubes;  the  cells  without  cilia  are  easy  of  observation. 
T  ie  preparation  of  the  exLrnal  parts  presents  no  difiiculties,  and  the  rn  es 
wWcHave  been  previously  given,  hold  good  for  the  glands,  nerves,  papilte, 
and  epithelium. 

TiUratm-e-G  E.  v.  Baeu,       Ovi  Mammalmm  ct  Homms  Genesypist., 
LiorrfJ";  aiKl  Con^ncnt^rius.    CoSTE,  EeAcrehe.  s„r  la  Generaiwn  des 
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3[mnmifercs,  VdYia,  1834;  Enilmjogenie  Comparee,  Paris,  1837  ;  Utudes  Ovo- 
logiqncs,  in  Annal.  Franq.  et  Etrang.  d'Anat.  et  de  Pliys.,  ii.,  324,  ^^S^  ;  Hf^s- 
toire  Generale  et  Part,  du  I)evelop2mment,J'aYis,  1847.  A.  Bernhardt,  %?H&öZöe 
ad  Ovi  Mam.  Hist,  ante  Pra^gnat,  Yrat.,  1834,  Diss.    R.  Wagner,  in  Müll. 
Archiv.,  1835,  p.  373  ;  Prodromus  Hist.  Generationis,  Li^s-,  1836,  in  Denk- 
schrift der  l?ayr.  Ahad.  vol.  ii.,  1 8  37,  p.  5 1 1 .    M.  Barry,  Mesearches  in  Embry- 
ology, Series  i.  ii.  iii.,  in  Philos.  Trans.,  1838-40.   Bischöfe,  Beweis  der  von  d. 
Begattung  unathangigen  Beifung  und  Loslosung  der  Eier  der ^  S'äugethiere 
und  des  Menschen,' G'iea^Qu,  1844;  and  Ann.  d.  Sc.  Nat.,  3  Ser.ii.,  1844,  304- 
PoucHET,  Theorie  Positive  de  V  Ovulation  ßpontanee,  Paris,  1847.  Ecker,  Jcö?^. 
Phys.,  tab.  xxii.  Zv/icky,  Be  Corpor.  I^uteorum  Origine,'Y\\viG\,  1844.  Kobelt, 
Her  Nelyeneierstoch  des  Weibes,  Heidelberg,  1847.    W.  Steinlin,  in  3Iittheil 
der  Zürcher  Naturf.  Gesellscliaft,  1847,  p.  156.    Allen  Thomson,  Art.  Ovum, 
in  Cycl.of  Anat.,'^i.xWni.  Y^.TiED^UKnis,  Tabuhß  Nervorum  Z7^m,  Heidelb., 
1822.     G.Kasper,  Be  Structurä  Fibrosa  Uteri  non  Gravidi,  Yr&t.,  1840. 
E.H.  Weber,  Zusätze  zur  Beiire  vom  Bau  der  Geschlechtsorgane,  Leipzig,  1846. 
Kölliker,  in  Zeitschrift  f.  rviss.  Zool.,  i.    Fr.  Kilian,  in  Zeitsch.f.  Bat.  Med., 
bd.  viii.,  ix.    R.  Lee,  Memoirs  on  the  Ganglia  and  Nerves  of  the  Uterus,  Lon- 
don, 1849.    Th.  Snow-Beck,  On  the  Nerves  of  the  Uterus,  in  Philos.  Trans., 
ii.,  1846.    Rainey,  On  the  Structure  and  Use  of  the  Big.  Bottmdum  Uteri,  in 
Phil.  Transact.,  il,  1850.    Val.  Schwartz,  Observ.  Microse.  de  Becursu  Mus- 
cul  Uteri  et  Vagince  Hominis,  Dorp.,  1850,  Diss.    Robin,  in  Arch.  General,  de 
Med.,  1848,  torn,  xvii.,  pp.  258  and  405  ;  torn,  xviii.,  p.  257.    Gaz.  Med.,  1855, 
No.  50.    Kobelt,  Die  Männlichen  und  weiblichen  Wollvstorgane,  Freib.,  1844 
Tiedemann,  Von  den  D uv er nef  sehen  Drüsen  des  Weibes,  Heidelberg,  1840 
C.  Mandt,  in  Zeitschrift  f.  Bat.  3Ied.  vii.,  p.  i.     Huguier,  in  Ann.  d.  Sc.  Nat. 
1850,  p.  239.  Leückart,  Art.  Zeugung,  in  Handw.d.  Physiol.,  iv.   H.  Müller, 
in  Würzb.  Verh,  iv.,  p.  65.    W.  Tyler  Smith,  in  Med.  Chir.  Trans.,  vol.xxxv. 
pp.  37g_358.    Kölliker  and  Scanzoni,  in  Scanzoni's  Beitröge,  ii.,  1855.  E 
Wagner,  in  Arch.  f.  phys.  Heilh.,  1856,  p.  498.    R.  Maier,  in  Freib.  B er. 
April,  1857. 


C.  Of  THE  Lacteal  Glands. 

§  209.  The  Lacteal  Glands  ( gland uloi  lactifer(s)  are  two  com- 
pound racemose  glands,  which,  in  the  male,  are  only  rudimentary, 
but  in  the  female  are  fully  developed,  and  secrete  the  milk  after 
parturition. 

With  regard  to  their  structure,  the  lacteal  glands  completely  agree 
in  all  essential  points  with  the  larger  racemose  glands,  the  parotid 
and  pancreas,  for  instance.  Each  gland  consists  of  fifteen  to  twenty- 
four  and  more  lobes,  wdiose  shape  is  irregular,  flat  or  cylindrical, 
roundish  or  angular,  and  i'''  to  i"'  in  size ;  although  quite  sepa- 
rate from  each  other  in  their  cavities,  these  lobes  cannot  always  be 
sharply  defined  externally.  Each  of  them  is  composed  of  a  certain 
number  of  smaller  lobules,  and  those  of  others  still  smaller,  the 
smallest  lobules  being  made  up  of  the  gland-vesicles.    The  latter 
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fff  J.  ^.r.^'"  \w  nnd  ave  marked 
are  roundish  or  pyriform.  0-05  ^^''IJ^^Zl^^  ducts  (more 
off  bv  a  distinct  constriction  from  the  fanest  excreioij  v 

by  a  dense,  wliite,  connective  tissue  that  is  very  abuncla    ,  ] 
daily  between  tbe  acini  and  i  ^''^ 

smaller  lobules;    and  the 
wbole  is  covered  by  a  large 
quantity  of  adipose  tissue, 
and,  on  one  aspect,  by  tbe 
skin.     The  lacteal  glands 
are  not,  properly  speaking, 
simple  glands,  but,  like  tbe 
lachrymal  glands,  aggrega- 
tions of  sucb;  that  is  to 
say,  by  tlie  coalescence  of 
tbe  excretory  ducts  of  tbe 
smaller  and  larger  lobules, 
there  arises  eventually  from 
eacb  lobe  a  shorter  or  longer 
duct,  I  to  2  lines  wide,  the 
lacteal  duct  or  canal,  ductuB 
lactiferus  s.  galactophorus, 
which  runs  separately  to- 
wards the  nipple,  always 


After  Langer. 


times 


Avarus    Lxxv.   ...t-x^--,         .  "RpTipatli  the  areola,  the  duct 

receiving  smaller  ducts  m  its  '^^^'  ^^^  ,,,,„lus  s.  sinus 
enlarges  to  an  ^ongatcd  sae  .  .0  4  1--  .  ,  ^  ^.^^^^^^^ 
lactiferus,  and  then  ^to:,  01  e    .       ^^^^^^^^^^^  ^^^^^  .^^ 

turns  into  the  -PPl''.  fuh!  situated  between  the  little 

apex  by  an  aper  ure  i   to       n  the  thickest 

eminences  which  ar  .l  ^  ':  !^  ";^^^"' to  o-oi'"  in  length  ;  but,  m 
ducts,  presents  cylindrical  cells  o  ooo  ^^^^^^.^^ 

the  finer  ZX^^^'^^ '^-^^'^^'-^ 

or  polygonal.    Besides  this  ^  ^^^^  ^  ^.j.lte,  dense,  fibrous 

beneath  it,  all  the  excretox^  d»«  ^^^^^1         tM,  I 

coat,  which  is  folded  l^'^S'^f  J  \  ^ub  ed  muscular  fibres, 
ha.e  not  hitherto  been  a  , 1     0  drt^^^^^  ^.^^^^^  ^.^^ 

rsti^tbr^tÄ^^^^^  - 
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H.  Meckel,  believe  they  have  recently  observed  longitudinal  muscular 
fibres  in  the  lacteal  ducts;  not  in  those  of  the  nipple,  but  deeper 
in  the  gland. 

The  nipple  and  the  areola  possess  numerous  smooth  muscular 
fibres,  to  which  they  owe  their  contractility  [vide  §  36) ;  a  delicate 
epidermis,  whose  horny  layer,  in  the  female,  m.easures  only  0  006"^ 
in  thickness,  while  the  Malpighian  layer  is  0*04"'  thick,  and  co- 
loured in  the  deeper  portions;  and  compound  papillse,  to  3V" 
in  height.  On  the  breast  itself,  the  papillse  of  the  skin  are  small 
to  gV^O  and  simple,  and  the  epidermis  is  still  thinner  (0-032"' 
to  0-04'''),  though  the  horny  layer  of  it  is  of  greater  thickness, 
measuring  o"02"'  to  o*o24"'.  In  the  areola,  especially  at  its  border, 
but  not  on  the  nipple  itself,  there  occur  large  sudoriparous  glands, 
often  with  peculiar  contents,  and  large  sebaceous  glands,  in  con- 
nection with  fine  hairs ;  these  glands  often  form  small  prominences, 
visible  externally  {vide  §§67  and  73).  In  man,  I  have  observed 
sebaceous  glands  upon  the  nipple  also,  but  without  hairs. 

The  blood-vessels  of  the  lacteal  glands  are  numerous,  and  sur- 
round the  gland- ves'cles  with  a  pretty  close  network  of  capillaries. 
The  veins  in  the  areola  form  a  circle,  which  is  not  always  quite 
complete  (clrculus  veaosus  Halleri). — The  lymphatics  are  also  very 
abundant  in  the  skin  which  covers  the  gland,  but  they  have  not 
yet  been  demonstrated  in  the  gland  itself. — The  nerves  of  the  skin 
Avhich  covers  the  mamma  come  from  the  supra- clavicular  nerves, 
and  the  cutaneous  branches  of  the  second  to  the  fourth  intercostal 
nerves.  No  nerves  can  be  traced  into  the  interior  of  the  gland, 
except  some  fine  branches  running  with  the  vessels,  the  termination 
of  which  is  unknown. 

The  lacteal  gland  enlarges  very  considerably  at  the  period  of 
lactation.  Its  tissue  is  no  longer  uniform,  whitish,  and  firm,  but 
becomes  softer,  granular,  and  lobulated,  and  the  reddish-yellow 
granular  parenchyma  is  distinctly  marked  ofl'  from  the  lax,  whitish, 
interstitial  tissue.  The  gland-vesicles  and  lacteal  ducts  are  now 
wider  and  filled  with  milk,  while  the  vessels  are  greatly  increased 
in  number.  In  the  external  parts,  the  enlargement  of  the  areola 
and  nipple  is  more  especially  worthy  of  notice,  a  phenomenon 
which  seems  to  depend  upon  a  true  growth  of  these  parts  is  iiXi  all 
their  elements,  including  the  muscular  fibres  and  the  small  glands, 
and  not  upon  a  simple  distribution  of  the  colour  over  a  larger 
surface. — In  the  male,  the  lacteal  gland  is  quite  rudimentary,  from 
half  to  two  inches  broad,  and  i  to  3  lines  thick,  firm  and  without 
lobules.    The  lacteal  ducts  are  destitute  of  the  sinus  lactiferi,  and 
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are  never  so  far  developed  us  in  the  female  ;  they  either  correspond 
"  form  to  the  duets  which  are  met  .vith  in  the  gl-ds  o  newly- 
bom  infants,  or  they  will  be  found  in  larger  specimens  of  the  male 
Snd  to  be  variously  ramified  and  beset  with  a  certam  number  of 
tial  vesicles,  which,  on  account  of  their  considerable  s,. 
caunot  be  regarded  as  true  gland-vesicles  or  acmi.  Indeed,  ac- 
cordTng  to  Langer,  their  size  is  three  times  greater  than  that  of 

he  true  gland-vesicles  iu  the  female,  but  £«.cAia  describes  them 
Is  only  o  oz'"  in  width.  In  rare,  but  well  established  cases,  the 
ZZ  gland  may  take  on  such  a  development,  that  it  becomes  fit 

for  the  secretion  of  milk. 

S  210.  Plynologkal  Remarhs.-'Vhe  development  of  the  mam- 
m^y  gland  follows  the  same  course  as  the  other  superfiml  glands, 
rn7at  its  first  appearance,  in  the  fourth  or  fifth  month,  consists 

nothing  but  a  solid,  papilliform  process  of  the 
the  epidermis,  which  is  enveloped  by  a  layer  of  dense    uticu  ai 
tissue  (see  my  researches  in  Mitth.  d.  Zürcher  nat  Ges.,  IKSC 
No  !x      Then,  by  sending  out  a  certain  number  of  processes,  the 
firs!  rudiments  of  the  subsequent  lobes  arise  in  the  sixth  or  seventh 
month.     At  their  origin,  the  lobes  are  nothing  but  small,  pyri- 
form   or  flask-shaped  processes,  proceeding  from  the  common 
Twd-rudiment;  but  towards  the  end  of  f.tal  Me  beeome 
Llated  from  each  other,  and  open  externally,  while,  at  the  same 
time,  they  are  beginning  to  give  off  roundish  o'".  elongated  soM 
proe;sses  at  their  closed  extremities.    At  the  period  of  birth,  the 
gland  measures  ü  to  4  ü-^-  »d  exhibits  distinct  y  a  certain 
number  of  segments,  twelve  to  fifteen  in  number,  tl-  f 
which  approach  to  the  still  rndimentary  nipple,  and  theie  ter- 
i^^nate  either  by  a  simple  flask-shaped  neck,  or  with  two  or  three 
Ztlns    whiL  the  oLr  segments  are  connected  with  a  greater 
number  of  such  dilatations.    The  excretory  üuct  of  each  of  these 
rudimentary  lobules,  which  is  either  simple  or  branched  two  or 
three  times,  is  composed  of  a  fibrous  coat  of  immature,  nucleated 
connective  tissue,  with  a  small  cylindrical  "Pf-Uum     The  dac^ 
are  distinctly  hollow,  while  their  bulbous  ends  are  still  de  titute 
of  a  cavity,  and  can  no  more  in  this,  than  in  other  developing 
o-lands,  be  called  termmal  vesicles,  seeing  that  they  consis  of 
nothino-  more  than  small  nucleated  cells,  with  the  fibrous  envelope 

"vhichV-««     ti^^"^  ^""T  ^'"^^'"■y  7^'^ 

form,  the  subsequent  structure  is  developed  by  the  continual  form- 
ation of  processes  from  the  primitive  and  subsequently  formed 
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bulbous  ends ;  by  tbe  excavation  of  these,  wliicli  keeps  pace  with 
the  above  process,  there  arises  a  highly  ramified  duct,  whose 
branches  are  beset  with  whole  groups  of  hollow  gland- vesicles ; 
these  stages  of  development,  however,  follow  each  other  much 
more  slowly  in  the  mamma  than  in  any  other  organ  of  secretion. 
According  to  Langer,  to  whom  we  are  indebted  for  careful  observ- 
ations on  the  subject,  true  terminal  vesicles  never  exist  before  the 
commencement  of  puberty,  but  only  imperfectly  developed  ducts 
with  swollen  ends.  True  gland-vesicles  are  formed  at  the  com- 
mencement of  puberty,  at  first,  however,  only  at  the  border  of  the 
gland,  until,  at  last,  the  whole  gland  becomes  completely  developed 
with  the  first  pregnancy.  After  the  first  lactation,  the  gland, 
indeed,  diminishes  again,  but  remains  persistent  in  all  its  parts, 
and,  during  subsequent  conceptions,  simply  enlarges,  without  the 
addition  of  new  parts.  At  the  period  of  involution— perhaps,  also, 
when  too  long  a  period  elapses  after  a  i^regnancy  without  the 
gland  being  called  into  action— it  enters  into  a  retrogressive  me- 
tamorphosis, until  at  last,  in  old  age,  all  the  gland-vesicles  have 
disappeared,  and  only  the  lacteal  ducts  of  inconstant  width,  and 
with  their  epithelium  in  a  state  of  fatty  degeneration,  are  to  be 
found  imbedded  in  the  cushion  of  fat  which  now  occupies  the  place 
of  the  true  gland-tissue. 

The  milk  —  the  secretion  of  the  lacteal  glands  —  consists  of  a 
fluid  portion  or  plasma,  holding  in  suspension  innumerable,  round, 
dark,  shining  corpuscles,  varying  in  size,  from  a  maximum  of 
0-00 1'"  to  0-002"'  and  upwards,  to  others  which  are  too  small  to 
be  measured.  These  are  the  milk-globules,  v/hich,  in  all  proba- 
Fig.  192.  bility,  possess  a  delicate  envelope  of 


Morphological   elements   of  the  othcr  pCriods  than  thoSC  of  lactatlOU 

milk ;  magnified  350  times,  a.  Milk-  i         i       i  j.  • 

globules;  b.  colostrum  corpuscles;     ^^^^  preö'nancv,  the  fflauds  coutaiu  no- 

c  d.  cells  with  fat-slobules,  from  the        ^.^  „  n       ^^  -i 

colostrum,  the  one  c?,  with  a  nucleus,  tiling  but  a  smali  quantity  01  yeliowisn 
viscid  mucus,  with  a  certain  number  of  epithelial  cells,  and  are  lined 
to  their  extremities  with  a  pavement-epithelium,  which  becomes  cy- 
lindrical externally.  On  conception,  this  structure  becomes  altered. 
The  cells  of  the  gland- vesicles  begin  to  enlarge  and  to  develop  fat 
in  their  interior  (at  first  but  little,  afterwards  more  and  more),  so 
that  they  completely  fill  the  terminal  vesicles.    To  this  is  super- 


o 


d 


caseine  around  the  particles  of  fat,  of 
which  they  consist ;  it  is  to  these  cor- 
puscles that  the  milk  owes  its  white 
colour.  With  regard  to  the  formation 
of  the  milk,  it  is  to  be  remarked,  that 
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added,  before  the  end  of  pregnancy,  a  new  forn^ation  of  cells  con 

nul  i,e  o   fatglobules,  quite  similar  to  tbe  subsequent  »ük-g  o- 

and  the^se  are  derived  fron.  ^f^l^^Jl^^^'Z 
disintegrated  and  with  them  entire  cells  of  the  same  k.nd  aie 
rsecr^A  or  without  an  envelope;  and  these  ^f^^ 
colostrum  bodies.  When  lactation  commences  afte  1-** 
the  formation  of  cells  in  the  gland-Yes:cles  attains  an  umisua 
enersT'o  that  the  fluids  collected  in  the  lacteal  canals  and  acmi 
are  I'd  or.ed  in  the  first  three  to  four  days  as  coloHrr.n  or  im- 
mLurc  mUk,  which  then  gives  way  to  the  secretion  of  the  true 

'"nlhet'tremities  of  the  gland,  the  milk  consists  of  only  a  little 
flud  and    el"  completely  filled  with  fat-globules;  these  cells 
Imetimes  fiU  the  acini  to  the  exclusion  of  all  others,  but  some- 
imes  a"  accompanied  by  paler  epithelial  cells,  hkewise  containing 
r^ore  or  less  fat.    These  two  kinds  of  cells  have  a  common  origm, 
X  by  a  process  of  free  cell-formation,  or  by  the  eontmua  mul- 
pSon  of  the  epithelial  cells,  in  a  manner  amilogous  to  th 
formation  of  the  sebaceous  matter  of  the  skm  {vide  §  74)-  ^hese 
ce  rthich  I  will  call  milk-ceUs,  break  down  into  their  elements 
Ihe  ml-globules,  even  before  they  leave  the  lacteal  ducts;  ther 
nvebpes,^and  generally,  also,  their  nuclei,  ^-PP^J^^^^^^^^^^^^^^^  ^ 
that  tl  e  excreted  milk  presents,  as  a  rule,  no  trace  of  ts  mode  ot 
orWn    It  the  most,  there  are  found  in  it  heaps  of  milk-g lobules, 
of  V  ions  si.es  and  much  isolated,  which  may  also  be  called  co.o^ 
f,.„,„  th<.iv  resemblance  to  those  occurring  m  the 
^t^^' -Ihe   e^:^^^^^       the  milk,  therefore,  is  essenti^y 
tZnZt  uoon  a  formation  of  fluid  and  fatty  cells  m  the 
Sd-vesicles,  and,  accordingly,  belongs   to  the  ca tegory  o 
Lretions  in  which  morphological  elements  play  a  part,  ihe 
ffi^itles  of  this  fluid  are  especially         ^hose  sccre^^^^^^^^^^ 
contain  fat,  as  the  sebaceous  matter  of  skm,  n  vfhich  cells  ar. 
found  cLlly  similar  to  those  in  the  acini  of  the  mamma,  and  m 

*1i:tet:i;P;;orn  infants,  the  mamm«  very  frequently  contain  a 
sma?i  quaiftity  of  a  fluid  resembling  milk  m  its  appearance  and 
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microscopical  characters^  the  presence  of  which  appears  to  be  con- 
nected with  the  formation  of  the  gland-canals. 

Donne,  the  discoverer  of  the  colostruni  bodies,  states,  that  in  inflammations 
and  swellings  of  the  mammas  duriDg  lactation,  the  milk  assumes  the  nature 
of  colostrum  ;  but  this  is  contradicted  by  d'  Outrejmtt  and  3Iimz  {Neue 
Zcitschr.  Jür  GeVurtsknnde,  bd.  lo).  During  menstruation,  Donne  and 
d'Ontreyont  find  colostrum  corpuscles  in  the  milk;  and  Lelimcmn  {I'hys. 
Chemie,  ii.  327)  states  that  they  occur  in  the  course  of  any  acute  affection 
which  may  supervene  during  lactation.  They  are  regarded  by  Don7ie  as  a 
proof  of  bad  milk.  In  the  foot-rut  of  animals,  IIerJ?erf/er  and  Don?ie  have 
found  the  milk  to  possess  more  the  character  of  colostrum.  In  milk  which 
has  become  sour,  the  caseine  is  found  coagulated  in  the  form  of  granules,  and 
the  milk-globules  gradually  coalesce  into  larger  drops.  Blue  and  yellow  milk 
contains,  according  to  Fuchs  (see  Schcrer,  art. '  Milch,'  in  Hcmd.  d-,  Phys.,  ii. 
p.  4.70),  infusoria,  themselves  without  colour,  which  he  calls  vibrio  cyanogentis 
and  xanthogenus.  These,  when  mingled  with  healthy  milk,  will  impart  a 
colour  to  it  also  ;  an  observation  which  has  been  confirmed  by  Lehmann  for 
blue  milk  :  still,  according  to  Bailleul  {Compt.  rend.,  xvii.,  p.  1138)  and  Leh- 
mann, a  fungus  also  exists  in  such  milk.  C.  N'dgeli  has  also  observed  red 
milk,  and  found  a  vegetable  formation  of  the  nature  of  a  protococcus  in  it. 

For  the  iiivestigation  of  the  structure  of  the  mammse,  those  of  pregnant  or 
lactating  females,  or  of  women  who  have  had  children,  should  be  selected, 
because  it  is  only  in  these  that  the  gland-vesicles  are  well  developed.  The 
glandular  elements  readily  come  into  view  by  teasing  out  the  smallest 
lobules  ;  but,  if  it  be  desired  to  see  their  arrangement,  fine  sections  of  glands 
boiled  in  acetic  acid  and  dried,  are  especially  to  be  recommended ;  injected  pre- 
parations may  also  be  used  for  this  purpose,  and  are  not  difficult  to  be  obtained, 
when  injected  through  the  lacteal  sacs.  For  the  study  of  the  develojment  of 
the  gland,  fresh  preparations,  as  well  as  others  made  by  means  of  acetic  acid, 
are  absolutely  necessary.  The  smooth  muscular  fibres  of  the  areola  are 
found  by  mere  dissection,  although  not  always  easily,  as  they  are  often  very 
delicate  at  other  times  than  during  pregnancy. 

Literature. — Rudolphi,  in  den  Abh.  der  Berl.  Ahad.,  im  Jahr  183 1,  p.  337. 
A.  Cooper,  The  Anatomy  of  the  Breast,  Lond.,  1839.  C!.  JjA.'sGc^b.,  \i\  deukschr. 
d.  Wiener  Ahad.,  bd,  iii.,  Wien,  1851.  A.  Donne,  Du  Lait,  et  en  jJarticulier  du 
Lait  des  Nouri^ices,  Paris,  1836  ;  then  in  Müller's  Archiv.,  1839,  p.  182  ;  9,nd 
Cours  de  Microsco2ne,  Paris,  1844.  Fr.  Simon,  Die  Frauenmilch,  nach  ihrem 
chemisch,  und  physiol.  Verhalten  dargestellt,  Berlin,  1838  ;  also  in  Müller's 
Archives,  1839,  PP- 10  and  187.  J.  Henle,  in  Fr.  Not.,  1839,  No.  223.  H. 
Nasse,  in  Müll.  Arch.,  1840,  p.  259.  Reinhardt,  in  Archiv,  f.  patliol.  Anat., 
bd.  i,,  j).  52 — 64.  -  Lammerts  van  Eueren,  in  Nederl.  Lancet,  2  ser.,  4  jaarg, 
p,  722  ;  5  jaarg,  p.  i ;  also  in  ibid.,  2  sec,  5  jaarg,  p,  i.  Fr.  Will,  lieber  die 
Milchabsonderung,  Erlangen,  1850,  Programm.  Ch.  Robin,  in  Gaz.  Med., 
1850,  No.  13.  MoLEScnoTT,  in  Arch.f.phys.  Heilh,  xi.  p.  696.  Luschka,  in 
Müll.  Arch.,  1852,  p.  402.  H.  Meckel  von  Hemsbach,  in  illustr.  Med.  Zeitg., 
iii.  p.  141. — The  following  works  should  also  be  consulted  :  Henle's  Anatomy, 
J.  Müller's  work  on  the  Glands,  and  the  Atlases  of  Berres,  Donne,  and 
Mandl. 
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OP  THE  VASCULAK  SYSTEM. 
.1,  The  vascular  system  consists  of  tiie  mart  the  Blood- 

structures  are  contained  the  blood  »J^^^j^Xlir  Tl-^ 

enumerated  as  special  organs. 


X.—Of  the  Heart. 


&  ,1.  The  heart  is  a  thick  muscular  tube  divided  into  four 

the  epithelium,  it  is  provided  ^}^^\''''"'''2enrent  variety,  and 
elastic  fibres.    The  «Pf  "  J,^^^ 

consists  of  one  or  two  layers  of  ^l^^^^^^  7*^^;  ,  ^j^h  the 
of  the  pericardium  is  ^^  l^  X^:%.uUrly,  is 

muscular  fibres;  but  m  other  idch  latter  not 

separated  from  them  by  ^^^Zlr  Zyerin^  almost  the 

St  T  ie  .'  L  o  t,  pericardium  present  the  same  arrange- 
hbrils.    ihe  vessels  oi  ^^^^.^  tranches 

s^;rrtdrS;e:fÄ 

upon  the  borders  of  the  auricles.  transversely 
The  m«sc«Zar  /^^rcs  of  the  heart  aie  „nluntarv 
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these  fibres,  small  fat  granules  are  almost  uniformly  found,  ^vhich 
are  frequently  disposed  in  series,  along  with  the  nuclei,  in  the  axis 
of  the  fibre ;  and  which  appear  very  much  enlarged  and  coloured 
when  the  fibres  undergo  degeneration.  A  still  miore  important 
Fig.  193.  characteristic  of  the  muscular  fibres  of  the  heart,  is 

found,  however,  in  the  intimate  union  of  their 
V,  elements,  which  lie  closely  upon  each  other,  with 

\  very  little  connective  tissue  between  them  ;  and 

\  they  are  also  (as  LeeuivenJioek  pointed  out,  and 

\  as  I  have  myself  confirmed),  united  directly  with 

i  each  other.     Except  at  the  inner  surface  of  the 

'  heart,  the  fibres  nowhere  form  distinct  bundles. 

The  anastomoses  of  the  muscular  fibres,  which 
; ,  ,  c  ,  ;  1     are  a  general  attribute  of  the  fibres  of  the  heart, 

ijf^E:!  d  Ö  Ed  ^  Till. 

are  efi'ected  in  man  and  mammalia  by  short 
.iS^fZn^So^  bundles,  oblique  or  transverse;  they  are  for  the 
tiie  human  heart.  ^^^^  ^^^^^  narrow,  but  are  extremely  numerous, 
so  that  at  many  places  of  the  ventricles  and  auricles  (whether 
everywhere  I  know  not),  they  are  met  with  in  every  small  piece. 
Moreover,  there  occur  true  divisions  of  the  fibres,  by  means  of 
which  the  tliickness  of  a  separate  portion  of  a  fibre  may  become 
more  considerable  than  it  was  at  its  origin. 

The  course  of  the  muscular  fibres  in  the  heart  is  extremely 
complicated,  and  can  only  be  described  here  in  a  general  manner. 
The  muscular  fibres  of  the  ventricles  and  auricles  are  completely 
separate  from  each  other ;  but  the  chief  place  of  origin  for  both 
alike  is  from  the  ostia  venosa  and  arteriosa  of  the  ventricles.  At 
the  former  place  are  situated  dense,  tendinous  bands— the  so-called 
annuli — the  thinner  one  being  in  the  right,  the  thicker  in  the  left 
ventricle ;  these  are  generally  described  as  rings  situated  at  the 
insertion  of  the  venous  valves,  but  are  more  accurately  designated 
as  proceeding  from  the  opening  of  the  aorta  both  anteriorly  and 
posteriorly ;  the  densest  portions  of  these  bands  is  at  the  anterior 
circumference  of  the  ostia  ve^iosa,  and  at  the  part  which  forms 
the  partition;  and  from  this  circumstance  they  are  also  frequently 
described  as  being  composed  of  two  bands,  curved  forwards,  with 
a  posterior  one  situated  in  the  auriculo -ventricular  septum,  and 
splitting  these  into  two  crura.  The  fibrous  rings  of  the  ostia 
arteriosa  are  considerably  thinner  than  those  of  the  ostia  venosa, 
and  are  situated  at  the  origin  of  the  semilunar  valves  in  the  form 
of  arcuately  curved  bands.  On  the  auricles  there  are  found  : 
I.  fibres  common  to  both  auricles,  in  the  form  of  transverse  flat 
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bundle.,  .lüch  pass  from  one  am-iele  to  the  -^'^^1^ 
transverse  direction,  and  are  found  '^^^^'fyZT&.TZ- 

Se  endoeardium,  arising  from  the  ostia  atno-ven  r.cnlana, 
and  beCparticularly  Jl  marked  in  the  right  au^le,  w^re 
it  forms  the  so-named  musculi  pedinaU.  Besides  the.e  hbre  , 
het  also  ex  t  in  the  aurieles,  among  those  last  mentioned 
numerous  small  bundles,  .-hich,  from  their  n-regular  relation, 
caTot  be  more  minutely  described.  The  dissepiment  is  m  pa  t 
cannot      mo  ,  muscular  fibres  arise  from  the 

%^ti:  tS:^^'^  ^t  the  front  of  the  upper  border 
Ä  ventricular  sept'um,  immediately  behind  the  r'^l'^^Z 

o?aiist 

encircle  the  fossa  ovalis  in  the  opposite  direction. 

The  muscular  fibres  of  the  ventricles  are  so  arranged,  that  those 
of  the  outer  and  those  of  the  inner  surface  everywhere  proceed  in 
V  direction-  while  between  the  two  sets  they  present 

L  r  tsÄ  an  transitions  of  the  one  direction  into  the 
TliP  muscular  fibres  arise  at  the  Ostia  venosa,  and  at  the 
mol  hs  of  tiraort  and  pulmonary  artery,  partly  di-tly  part^ 
bytLs  of  short  tendons  .  they  run  mm.  o   le.  ol.,^^^^^^^^^^^^^^ 

lfn"tu?ralorTransverse  direction,  and  then  terminate  partly  m 

Si  bS  i^teTby  tendons,  they  describe  large  loops 
;  Se^  ^  eight  running  in  very  various  directions,  and  almost 

t:::::^7^::S^^^-  -  -ee  layers,  an  epithc 
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Hum,  an  elastic  layer  upon  wliicli  tlie  various  thicknesses  of  the 
endocardium  at  different  places  depends,  and  a  thin  layer  of  con- 
nective tissue.  The  epithelial  layer  is  usually  simple,  but  accord- 
ing to  LitscJiJca,  is  sometimes  a  double  stratum:  its  cells  are 
flattened  and  polygonal,  generally  somewhat  elongated,  clear,  and 
nucleated,  measuring  o'co;'"  to  0  012'"  in  length.  They  are  seated 
immediately  upon  the  most  superficial  lamina  of  the  elastic  coat, 
which  may  be  said  to  be  composed  entirely  of  very  fine  longitudinal 
fibres.  The  remainder  of  this  middle  coat  is  formed  by  an  or- 
dinary matrix  of  connective  tissue,  with  interspersed  nuclei,  and 
is  traversed  by  numerous  networks  of  finer  and  coarser  elastic 
fibres;  indeed,  in  the  auricles,  these  fibres  are  present  in  such 
numbers,  even  intermingled  with  true  fenestrated  membranes  (see 
§  25),  that  the  endocardium  is  here  quite  converted  into  a  yellow 
elastic  membrane  of  several  layers.  Lastly,  there  follows  an  outer- 
most layer  of  connective  tissue,  which,  although  thin,  may  yet 
readily  be  pulled  off  as  a  whole  in  the  ventricles,  as  well  as  in  the 
auricles.  It  still  contains  fine  elastic  elements  in  the  parts  adjoin- 
ing the  elastic  layer,  and  forms  a  loose  layer,  analogous  to  a 
subserous  connective  tissue,  uniting  the  muscular  substance  to 
the  proper  endocardium.  Upon  the  chordae  tendinese,  the  endo- 
cardium only  consists  of  the  epithelium,  and  of  the  innermost 
elastic  layer,  whilst  the  loose  layer  of  connective  tissue  is  entirely 
absent :  it  is  very  thin  also  upon  the  trabeculse  of  the  right  ven- 
tricle, and  upon  the  musculi  pectinati. 

The  auriculo-ventricular  valves  are  laminse  proceeding  from  the 
fibrous  rings  of  the  ostia  venosa  ;  and  we  may  distinguish  in  them, 
when  they  are  tolerably  thick,  a  middle  layer  (thicker  on  the  left 
side)  of  connective  tissue,  with  numerous  networks  of  elastic  fibres, 
in  whose  formation  the  radiations  of  the  chordae  tendinese  are  very 
essentially  concerned ;  and  on  either  side  of  this  layer  is  a  lamella 
of  the  endocardium  in  connexion  with  it.  Towards  the  free  bor- 
ders, these  three  layers  nearly  coalesce  into  a  single  one  composed 
of  connective  tissue,  with  fine  networks  of  elastic  fibres,  over 
which  the  epithelium  is  still  continued. —  The  semilunar  valves 
present  the  same  arrangement  as  those  just  described,  except  that 
they  are  thinner.  In  both  sorts  of  valves,  the  endocardium  is 
thicker  on  the  side  which  is  most  stretched  during  life.  A  few 
muscular  fibres  of  the  auricles  arise  here  and  there  from  the  outer- 
most edge  of  the  middle  of  the  auriculo-ventricular  valves ;  beyond 
these,  the  valves  are  free  from  muscular  elements. 

The  blood-vessels  of  the  muscular  substance  of  the  heart  are 
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very  numerous,  but  differ  in  nothing  from  those  of  the  transversely 
striated  muscles  (§  83),  except  that,  on  account  of  the  thinness 
of  the  fibres,  the  capillaries  often  surround  several  of  them  to- 
gether.   The  endocardium  is  tolera])ly  rich  in  vessels  in  its  outer 
layer,  but  they  extend  sparingly  only  into  the  endocardium  pro- 
per.   In  the  auriculo-ventricular  valves  of  animals,  as  also  of  man 
{vide  Luschka,  1.  c.  p.  182  and  fig.  5);  some  small  vessels  are  readily 
seen,  which  partly  reach  them  from  the  papillary  muscles,  but 
chiefly  from  the  base ;  some  few  of  these  are  distributed  scantily 
in  the  proper  endocardial  covering  of  the  valve.     According  to 
the  recent  observations  of  Luschka,  even  the  semilunar  valves 
are  provided  with  vessels.— But  few  lymphatics  occur  upon  the 
parietal  layer  of  the  pericardium ;  on  the  other  hand,  they  are 
present  in  large  numbers  upon  the  muscular  substance  beneath 
the  visceral  lamella,  and  can  be  easily  demonstrated,  as  Cruik- 
shank  pointed  out,  when  the  heart  is  allowed  to  lie  in  water  for 
some  days.    Their  trunks  collect  in  the  grooves,  run  with  the 
blood-vessels,  and  terminate  in  the  glands  behind  and  beneath 
the  arch  of  the  aorta  at  the  division  of  the  trachea,  where  they 
meet  the  lymphatics  coming  from  the  lungs.    It  is  not  yet  deter- 
mined whether  the  cardiac  substance  and  the  endocardium  possess 
lymphatics,  as  is  stated  by  some  authors.— The  nerves  of  the 
heart  are  numerous,  and  come  from  the  cardiac  plexus  (beneath  and 
behind  the  arch  of  the  aorta),  which  is  chiefly  formed  by  the  vagus 
and  sympathetic.    They  proceed  with  the  vessels  to  the  right  and 
left  auricles  and  ventricles  as  the  two  coronary  plexuses,  of  which 
the  left  is  much  larger  than  the  right :  hence  they  run  towards 
the  apex  of  the  heart,  partly  accompanying  the  vessels,  partly 
crossing  the  direction  of  them;   then,  after  forming  numerous 
anastomoses,  mostly  at  acute  angles,  they  dip  into  the  muscular 
substance,  some  of  them  entering  by  the  coronary  furrow,  and 
thus  they  arrive  at  their  places  of  distribution,  viz.,  the  muscular 
tissue  and  the  connective  tissue  of  the  endocardium.    The  cardiac 
nerves  of  man  are  mostly  grey,  and,  with  the  exception  of  the 
largest,  contain  only  fine  and  very  pale  nerve-tubes;  but  these  are 
in  great  numbers,  and  are  intermingled  with  a  small  number  of 
nucleated  fibres.    Although  the  nerves,  even  in  the  endocardium, 
are  dark-bordered  and  pretty  abundant,  yet  it  has  not  been  possible 
hitherto  to  discover  their  terminations  in  this  place  any  more  than 
in  the  muscular  substance.    In  the  pike,  however,  Martin  has 
observed  them  to  end  by  dichotomous  division  with  free  termina^ 
tions,  in  the  muscular  substance  of  the  heart  (Gott.  Nachr.  1853, 
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Fig.  194. 


No  6)  Ganglia  occur  not  only  in  tlie  cardiac  plexus  at  different 
places  but  also,  as  Re.^ak  discovered  in  tlie  calf,  in  tbe  mnscular 
^  substance  of  the  auricles  and  ventricles, 

and  tlie  same  liolds  good  for  man  and 
otlier  animals.  These  ganglia  are  best 
known  in  the  frog,  where  they  are  seated 
especially  in  the  septum  and  at  the  junc- 
tion of  the  auricles  with  the  ventricles, 
and  they  contain  apolar  and  unipolar  cells 
{Ludwig.  Bidder,  R.  Wagner,  and  myself) . 
The  small  fusiform  swellings  upon  the 
outer  nervous  branches,  especially  de- 
scribed by  Lee,  are  not  ganglia,  but  only 
thickenings  of  the  neurilemma. 


Diacram  of  the  left  ventricle, 
with  the  septum,  for  the  pur- 
pose of  indicating  the  course  of 
the  muscular  fibres,    a,  a,  a  . 
superficial  fibres  :  a.  on  the  an- 
terior wall;  a.  their  course  m- 
wards  at  the  apex  of  the  heart ; 
a",  passage  of  the  same  into  the 
posterior    papillary    muscles  ; 
■b  h',b".  septal  fibres  o^'the  right 
side;  b.  hi  their  course  down- 
wards and  forwards  ;  b' .  their 
passage  into  the  apex  of  the 
heart,  and  internal  muscular 
layer  of  the  left  ventricle,  as 
also  their  termination  in  the 
anterior  papillary  muscle,  h  ; 
c—c"".  middle  muscular  layer ; 
c  commencement  from  the  right 
side  of  the  ostium,  and  course 
on  the  anterior  wall  obhquely 
downwards  to  the  left  and  pos- 
teriorly ;  c.  curve  at  the  septum 
and  course  therein  ;  c",  c".  curve 
at  the  anterior  wall,  and  course 
in  the  deeper  portion  of  it,  up  to 
their  termination  in  the  ostium 
venosum,  c"". 


II.  Of  the  Blood-Vessels. 


§  213.  The  blood-vessels  are  divided, 
with  reference  to  their  structure,  into 
arteries,  capillaries  and  veins ;  yet  these 
three  divisions  are  by  no  means  broadly 
separated  from  each  other,  inasmuch  as 
the  capillaries  are  continued  into  the  veins 
just  as  imperceptibly  as  they  arise  from 
the  arteries.  On  the  other  hand,  the 
two  kinds  of  larger  vessels,  although  con- 
structed upon  a  generally  similar  plan, 
are  sharply  and  definitely  distinguished  m 

W^rrfference  to  the  tissue  composing  the  ^^^^^l^^/^^"^  ^5" 
ran^ement,  the  foUowing  general  remarks  may  be  made.  While 
he  true  clpillaries  possess  only  a  single  coat,  without  any  struc 
tu  e  whatever,  the  larger  vessels  present,  with  few  exceptions 
three  priacipal  layers,  which  may  be  most  fittingly  designated  as 
the  inner  coat,  or  tunica  iMima,  the  middle  coat  or  circular 
fibrous  coat,  tunica  media,  and  an  outer  coat,  tumca  erterna  s. 
adventitia.    The  memhrana  intima  is  the  thinnest  coat,  and  m- 
wiSy  consists  of  a  cellular  layer,  the  epithelium  ;  generally  also 
of  an  elastic  coat,  with  the  fibres  disposed  principally  m  the  longi- 
tudina  direction    and  to  this  again  other  layers  of  various  kinds 
matbe  superadded,  which  likewise  almost  i™bly  ~ 
longitudinal  direction.    The  tunica  media  is  mostly  a  tlnck  laye 
and  is  the  principal  seat  of  the  transverse  elements,  and  ot  the 


SECT.  213.]  TISSUES  OF  BLOOD-VESSELS. 


muscular  fibres  of  the  vessels;  in  the  veins,  however,  it  contams 
numerous  longitudinal  fibres,  and  possesses  in  all  the  larger  vessels 
more  or  less  elastic  elements  and  connective  tissue.  The  tunica 
adventitial  lastly,  has  its  fibres  again  arranged  for  the  most  part 
longitudinally;  it  is  as  thick,  or  even  thicker  than  the  middle 
coat;  and  consists  of  little  else  than  connective  tissue  and  elastic 

networks.  . 

On  a  closer  examination  of  the  several  tissues  composing  the 
walls  of  the  vessels,  there  are  several  points           Fig.  195. 
worthy  of  note.    The  connective  tissue  is  al- 
most everywhere  fully  developed,  consisting  of 
fine  and  coarse  bundles  and  distinct  fibres. 
Only  on   the  smallest  arteries  and  veins,  it 
becomes  a  nucleated  indistinctly  fibrous  tissue, 
passing  at  last  into  a  delicate  homogeneous 
membrane,  in  which  nuclei  may  still  be  seen 
here  and  there.     The  elastic  tissue  appears 
nowhere  in  the  body  in  such  multifarious  forms 
as  in  the  vessels.    We  meet  with  wide-meshed 
loose  networks  of  fibres,  from  the  finest  to  the 
coarsest  (fig.  17,  p.  50),  and  again  with  the 
narrowest  closest  web  of  fibres  which  form 
almost  a  continuous  membrane  ;  and  between 
these  two  forms  we  meet  with  all  grades  of 
transition;  and  we  also  observe  every  degree 
of  transformation  between  the  elastic  web  just  _   „ 

,       .  1  "Ur^c^    human  popliteal  artcry» 

described  and  the  true  elastic  membranes,  wnose  ,,.ith  an  indication  of 

.  11  ^     1.'       ^t-  r^«V    fibrous  networks.  Mag. 

origin  is  often  indicated  by  an  elastic  network  ti^^es. 
of  fibres,  more  or  less  indistinct,  traversing 
them  and  exhibiting  here  and  there  an  aperture.    In  other  cases, 
the  elastic  membranes  are  perfectly  homogeneous  plates,  either  m 
the  whole  or  in  part  of  their  extent,  and  are  perforated  by  an 
uncertain  number  of  holes  (fig.  19.  p.  5 i).-Transversely  striated 
muscular  fibre  is  found  only  at  the  openings  of  the  largest 
veins  into  the  heart,  while  the  unstripcd  muscular  elements  are 
very  widely  distributed,  especially  in  the  middle-sized  vessels,  but 
also  in  the  larger  ones.    Their  contractile  fibre-cells  exhibit  no 
peculiarity  in  the  majority  of  vessels,  except  that  their  length 
hardly  ever  exceeds  o-o^  to  o'oö'^  and  that  they  are  umted 
together,  either  directly  or  by  connective  tissue  and  elastic  fibrils, 
into  flat  bundles  and  membranes  of  muscle,  more  rarely  into  net- 
works.   In  the  larger  arteries,  and  m  the  smallest  arteries  and 

I  I  2 
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veins,  shorter  cells  of  various  shapes  are  seen,  which  are,  probably, 
a  less  developed  condition  of  the  muscular  elements. 

Certain  peculiar  lamella  found  in  the  tunica  mtima  ot  the 
larger  vessels,  and  consisting  of  fibres  with  elongated  nuclei,  and 
very  delicate  fibrous  membranes,  almost  homogeneous,  are  re- 
garded by  Henle  and  later  observers  as  being  a  metamorphosed 
epithelium  I  prefer  to  consider  these  striped  lamelU  of  the 
inner  coat  as  derived  from  the  same  formative-cells  as  the  epithe- 
lium which  have  developed  themselves  in  a  peculiar  way. 

The  epithelium  of  the  vessels  (fig.  6,  p.  35)  appears  m  two 
Fig.  196.  forms.    In  the  great  veins  especially, 

it  is  of  the  pavement  variety,  with  poly- 
gonal cells,  tending  to  be  elongated. 
In  most  of  the  arteries,  the  epithelium 
is  of  the  fusiform  kind,  with  small 
pointed  cells,  o-oi'^'  to  o'Q2'"  in  length. 
An  epithelium  is  present  in  the  nor- 
mal state  of  every  vessel;  but  almost 
without  exception  it  may  be  broken  up 
into  its  elements  without  much  diffi- 
culty ;  and  like  other  simple  epithelia, 
it  experiences  no  constant  detachment 
and  re-formation.     In  the  larger  ves- 
sels, the  epithehum  is  often  continuous 
with  the  striped  lamella  before  men- 
tioned, without  any  line  of  demarca- 
tion between  them;  in  the  heart,  and 
in  the  smaller  vessels,  it  is  sharply 
defined  from  the  subjacent  tissues. 
All  the  larger  vessels,  down  to  those  of  1"'  in  diameter  and 
under,  possess  nutrient  vessels,  the  vasa  vasorum  s.  nutrientia, 
which  arise  from  small  neighbouring  arteries,  and  are  chiefly 
distributed  in  the  tunica  adventitia,  producing  here  a  rich  capillary 
network  with  roundish  meshes,  from  which  small  veins  arise  and 
accompany  their  arteries,  or,  in  the  case  of  the  vasa  vasorum  of  the 
veins,  pour  their  blood  directly  into  the  veins,  from  whose  walls  they 
proceed.    According  to  the  concurrent  testimony  of  many  authors, 
the  tunica  media  of  the  larger  arteries  and  veins  also  contains 
vessels,  although  in  very  small  numbers,  and  only  m  its  outer 
laminae;  whilst,  on  the  other  hand,  the  inner  layer  of  the  middle 
coat,  and  the  whole  of  the  tunica  intima,  always  appear  to  me  to 
be  non-vascular,  although  even  here  some  observers  believe  they 


Muscular  fibre-cells  from  human 
arteries,  raagnifled  350  times.  1. 
from  the  popliteal  artery ;  a.  with- 
out, h.  with,  acetic  acid;  2.  from  a 
branch,  half  a  line  in  diameter,  of 
the  anterior  tibial ;  a.  nucleus  of  the 
cells. 
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have  seen  vessels.    The  inferior  vena  cava  of  the  ox  is  shown  to 
be  provided  with  numerous  vessels,  as  far  as  to  its  tunica  intima. 
-Nerves,  passing  from  the  sympathetic  and  the  spmal  nerves,  can 
be  demonstrated  with  facility  on  many  arteries,  yet  irequently 
appear  only  to  accompany  them.    Where  they  penetrate  uito  the 
tissue  of  the  vessels  they  run  only  within  the  outer  tunic,  and  in 
favourable  cases,  divisions  and  free  terminations  of  their  fine  tubes 
can  be  perceived  in  animals  {^ee  my  Micros.  Anat.ix.,  i,  pp.  532^ 
m).    Many  arteries  are  completely  destitute  of  nerves,  as  the 
malority  of  those  in  the  substance  of  the  brain  and  spmal  cord 
those  of  the  choroid,  of  the  placenta,  as  well  as  many  arteries  of 
muscles,  glands  and  membranes,  and  hence  it  is  evident  that  tlie 
walls  of  the  arteries  are  not  in  such  essential  need  of  nerves,  as  is 
usually  supposed.    This  is  still  more  evident  in  the  case  of  veins, 
for  only  on  some  of  the  larger  ones  have  any  nerves  been  demon- 
strated :  they  have  been  observed  on  the  sinuses  of  the  dura  mater, 
on  the  veins  of  the  vertebral  canal,  on  the  vena;  cavaj,  on  the 
common  jugular,  iliac,  and  crural  veins,  and  on  the  hepatic  veins. 
Here  also  they  arise  from  the  sympathetic  and  the  spmal  nerves; 
but  they  have  not  yet  been  investigated  with  reference  to  their 
terminations.    According  to  Luschha,  they  extend  as  far  as  to  the 
innermost  coat ;  but  I  have  not  yet  succeeded  in  observing  this. 

&  214  For  the  sake  of  easier  description,  the  arteries  maybe 
divided  into  small,  middle-sized,  and  large,  according  as  their 
middle  coat  is  purely  muscular,  composed  of  muscular  fibres  wad 
elastic  fibres  intermixed,  or  of  elastic  fibres  principally.  _  ihis 
division  is  the  more  natural,  as,  along  with  the  alterations  m  the 
structure  of  the  middle  coat,  variations  in  several  respects  also 
occur  in  the  outer  and  inner  coat.    It  is  a  distinguishing  mark  ot 
the  arteries,  that  their  middle  coat  possesses  an  unusual  thick- 
ness and  consists  of  numerous,  regularly  disposed  lammte,  whose 
elements  run  in  a  transverse  direction.    In  the  largest  arteries, 
the  tunica  media  is  yellow,  very  elastic,  and  of  great  thickness; 
as  the  arteries  become  smaller,  it  progressively  decreases  m  thick- 
ness  and  becomes  more  reddish  and  contractile,  till,  at  last,  im- 
mediately before  the  capillaries,  it  appears  very  thin,  and  then 
disappears.    The  whitish  tunica  intima  is  always  much  thinner 
than  the  middle  coat,  and  varies  within  narrower  limits,  although 
it  also  bears  a  proportion  to  the  size  of  the  vessels ;  ^1"  st,  on  the 
other  hand,  the  tunica  adventitia  is  actually  considerably  thinner 
in  the  largest  arteries  than  in  those  of  middling  calibre,  where  its 
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thickness  is  often  equal  to  tliat  of  tlic  middle  coat,  or  may  even  be 
greater.  In  the  more  detailed  account  of  the  vessels,  it  will  be 
best  to  commence  with  the  smallest  arteries,  as  being  simplest  m 
structure,  upon  which  the  others  will  readily  follow. 

Arteries  below  four-fifths  of  a  line  or  a  line  in  diameter,  present, 
with  few  exceptions,  the  following  structure,  till  near  to  the  capil- 
laries (fig.  197).  Tlie  tunica  intima  consists  of  two  layers  only,  an 
epithelium  and  a  peculiar  shining,  less  transparent  membrane,  which 
1  will  call  elastic  inner  coat    The  former  has  well-marked  fusiform 


Fig.  197. 


ki0;  'it. 


/      1 1  \ 


An  artery  from  the  mesentery  ot  a  child,  0-062  ,  and  vem,  6  0-067  m 
diameter,  treated  with  acetic  acid,  and  magnified  350  times,  a.  tunica  acl- 
ventitia,  with  elongated  nuclei ;  ß.  nuclei  of  the  contractile  fihre-cells  ot  the 
tunica  media,  seen  partly  from  the  surface,  partly  apparently  in  transTerse 
section;  y.  nuclei  of  the  epithelial  cells;  5.  elastic  longitudinal  fibrous  coat. 

pale  cells,  with  oval  nuclei  disposed  longitudinally:  groups  of 
these  can  be  extremely  easily  isolated,  in  entire  shreds,  or  even  as 
complete  tubes,  but  the  cells  may  also  be  demonstrated  separately, 
and  th  ey  then  possess  no  slight  resemblance  to  the  fusiform  cells 
of  pathologists  (also  to  the  formative  cells  of  elastic  fibres  and  con- 
nective tissue) ;  and,  on  the  other  hand,  they  much  resemble  the 
contractile  fibre-cells  :  from  the  former  of  these,  however,  they  are 
distinguished  by  their  less  pointed  ends,  and  by  their  paleness,  and 
from  the  latter  by  their  stiffness,  by  the  non-cylindrical  nuclei, 
and  by  their  chemical  reactions.    The  elastic  inner  coat  is,  on  an 
average,  o'ooi'''  thick,  and  is  smoothly  stretched  out  during  life 
under  the  epithelium ;  but  when  the  artery  is  empty,  it  almost 
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always  exhibits  more  or  less  large  longitudinal  plication  and  fre- 
SyTlso  numerous  fine  transverse  folds,  which  (a  though  U  ,s  p^ 
S  homogeneous)  give  to  this  membrane  a  peculiar  lougrtudmal 
strild  appearance.    Moreover,  it  almost  always  appears  as  a  so- 
cSed  feZraUä  membrane,  with  well  ^f^^^'^^^^^ 
of  various  sizes,  and  openings  mostly  small  and  elongated ,  more 
rarlly  it  has  the  structure  of  a  true  but  very  dense  networi.  of 
o2;dinal  clastic  fibres,  with  narrow  elongated  fissures  and  then 
completely  agrees  with  the  elastic  lamelte  of  the  middle  coat  of 
ZtrJv  arteries,  in  its  appearance,  in  its  great  elasticity,  and  m 
ts  ehem  al  reactions.- The  middle  coat  of  small  artenes,  such  as 
ie  areTow  considering,  is  purely  muscular,  without  the  shghtest 
Tntermixture  of  connective  tissue  or  elastic  elemen  s,  and  varies  m 
thickness  according  to  the  size  of  the  artenes  (down  to  003  )• 
I    fibre-cells,  united  to  form  lamell»,  can  be  pretty  easily  isolated 
W  dis see  ion  in  vessels  not  larger  than  one-tentli  of  a  line,  and  in 
Su  smaller  vessels  they  may  be  found  by  boihng  -d  niacera^ion 
in  nitric  acid  of  ^o  per  cent.,  and  they  are  then  seen  to  be  beautifd 
fibre-cells,  o■o^"'  to  0-03'"  long,  and  o-ooz    to  0-0025  broad 
The  tunica  adventitia  consists  of  connective  tissue  and  fine  elastic 
fibres,  and  is  generally  as  thick,  or  even  thicker  than  the  tunica 

The  structure  just  described  holds  good  for  arteries  as  small  as 
Jj'"  in  diameter,  but  further  on  towards 
the  capillaries  it  changes  more  and 
more  (fig.  198)  •  Even  on  arteries  J„- ' , 
the  adventitia  no  longer  contains  elastic 
fibrils,  but  only  connective  tissue  with 
elongated  nuclei,  which,  at  first,  is 
fibrous,  but  gradually  becomes  more 
and  more  homogeneous,  retaining  its 
nuclei,  and,  at  last,  is  reduced  to  a  thin 
perfectly  homogeneous  envelope,  which 

entirely  disappears  on  vessels  below 

Q.Qoy"' —The  circular  fibrous  coat,  on 

arteries  below        down  to  those  of 

J-'",  still  possesses  two  or  three  layers 

of  muscular  fibres,  and  a  thickness  of 

o-oo8"'  to  0-005'";  oil  ^"^l^'^'-'  arteries, 

it  forms  only  one  layer,  whose  elements, 

at  the  same  time,  become  shorter  and 

shorter,  and,  at  last,  on  vessels  between 


Fie;.  198. 


a.  An  artery  0-01'",  and  h.  a  vein 
0-015'",  from  the  mesentery  of  a  child, 
magniüed  350  times,  and  treated  with 
acetic  acid.  The  letters  as  in  the 
previous  figure  ;  e.  the  tunica  media 
of  the  vein,  consisting  of  nucleated 
connective  tissue. 
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0-03"'  to  0-007'^  tliey  lapse  into  short,  elongated,  or  oblong  cells, 
0  015''' to  o'oo6'",  whose  nuclei  have  no  longer  their  elongated 
form.  These  more  embryonic  forms  of  contractile  fibre-cells  form 
a  connected  layer,  as  far  as  to  vessels  of  o'oi/",  but  then  gradually 
separate  from  one  another  (fig.  198),  and  completely  disappear.— 
The  tunica  intim  a  possesses  an  elastic  coat  on  vessels  as  small  as 
0-028'"  to  0-03'"  in  diameter;  it  is,  of  course,  very  delicate  on  its 
first  appearance,  and  appears  in  a  fully  developed  state  only  on 
arteries  of  o-o6'"  to  o-o8"'.  The  epithelium,  however,  can  be 
traced  on  minute  arteries  of  0-07"',  or  even  o-oi'"  in  diameter; 
but,  it  is  to  be  observed,  that  its  cells  become  at  last  incapable  of 
isolation,  so  that  their  separate  existence  is  only  to  be  inferred 
from  the  presence  of  longitudinally  oval  nuclei  placed  closely 
together. 

Arteries  of  medium  size,  above  four-fifths  of  a  line,  or  a  line,  up 
to  those  of  two  or  three  lines  in  diameter,  present  at  first  but  little 
cliange  in  the  outer  and  inner  coats,  but  a  considerable  difl'erence 

is  found  in  the  tunica  media, 
whicb  not  only  becomes  thicker 
with  the  increase  in  size  of  the 
vessels  (reaching  0-03"'  to  o-i2'"), 
but  is  also  altered  in  structure. 
Its  muscular  layers  become  in- 
creasingly numerous,  though  their 
elements  remain  identical  with 
those  described  in  the  smaller 
vessels ;  but  along  with  the  mus- 
cular fibres  fine  elastic  fibres  ap- 
pear in  the  tunica  media,  and 
these  unite  to  form  wide-mesbed  networks,  which,  at  first,  run 
separately  and  without  order  among  the  muscular  elements ;  but 
in  the  larger  of  the  arteries  at  present  under  review,  these  elastic 
elements  are  accompanied  by  some  connective  tissue,  and  occasion- 
ally exhibit  an  inclination  to  form  special  laminae,  alternating  with 
the  muscular  layers,  without,  however,  losing  the  character  of  a 
continuous  network  pervading  the  whole  middle  coat.  Thus  the 
tunica  media  already  loses  its  exclusively  contractile  structure, 
though  it  is  to  be  admitted  that  the  muscular  fibres  still  retain  a 
considerable  preponderance. — The  tunica  intima  of  the  medium- 
sized  arteries  has  not  unfrequently  several  layers  between  the 
elastic  inner  coat  and  the  epithelium,  among  which  the  above- 
described  striped  lamellse  are  the  most  conspicuous.   These  lamellae. 


Transverse  section  of  the  human  art.  pro- 
funda femoris ;  magnified  30  times,  a.  Tu- 
nica intima,  with  the  elastic  layer  (the 
epithelium  is  not  visible) ;  b.  tunica  media, 
without  elastic  lamellae,  but  with  fine  elastic 
fibres ;  c.  tunica  adventitia,  with  elastic  net- 
works and  connective  tissue. 
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taken  along  witli   tlie   fine   elastic  networks   situated  further 
outwards  in  a  homogeneous,  granular,  or  fibriUated  connective 
substance,  form  a  middle  layer  in  the  tunica  intima  of  o-oo6  to 
0=05'"  in  thickness,  all  of  whose  elements  run  together  m  the 
longitudinal  direction,  and  are  thus  easily  distinguished  from  the 
muscular  layer  of  the  tunica  media,  which,  in  some  respects,  has 
a  resemblance  to  them.— Lastly,  the  timica  adventitia  of  these 
middle-sized  arteries  measures  almost  always  more  than  the  middle 
coat,  and  increases  from  0-05'"  to  O'lG''  in  thickness.    Its  elastic 
fibres  become,  at  the  same  time,  thicker  and  thicker;  even  m 
vessels  of  one  line  in  diameter  a  thick  collection  of  them  can  be 
recognised,  just  at  the  line  where  the  external  coat  forms  its  well- 
defined  boundary  from  the  middle  tunic.    This  elastic  coat  of  the 
tunica  adventitia  becomes  very  beautiful  in  the  largest  vessels  of 
this  class,  such  as  the  external  and  internal  carotids,  the  crural  and 
brachial  arteries,  the  profunda  femoris,  the  mesenteric  and  celiac 
arteries.    In  these,  it  measures  0-013"'  to  0-04"  and  upwards,  and 
is  partly  made  up  of  very  distinct  lamellse,  whose  structure  is  often 
closely  allied  to  that  of  the  true  elastic  membranes.    Moreover,  the 
outer  layers  of  the  tunica  adventitia  also  contain  elastic  networks; 
but  these  elements  are  here  somewhat  finer  and  form  no  lamellsi,  but 
are  more  irregularly  connected  with  each  other.— The  larger  of 
the  medium-sized  arteries  already  present  an  approximation  to  the 
largest  arteries  in  the  structure  of  their  tunica  media;  the  elastic 
network  of  this  coat  occasionally  forms  actual  lamellse  of  some 
thickness,  and,  more  rarely,  even  two  elastic  membranes;  but 
these  are  still  connected  with  each  other  throughout  the  whole 
thickness  of  the  middle  coat,  and  thus  they  are  best  distinguished 
from  the  elastic  plates,  which  will  be  presently  described  as  existing 
among  the  circular  fibres  of  the  middle  coat  of  the  larger  arteries. 
The  first  indication  of  these  lamellse  appears  in  the  inner  portion 
of  the  tunica  media  of  the  crural,  superior  mesenteric,  csehac, 
external  iliac  and  brachial  arteries,  and  in  the  external  and  internal 
carotids;  whilst  at  the  commencement  of  the  tibialis  antica  and 
postica,  and  in  the  popliteal,  they  occur  throughout  the  whole 
middle  coat;  they  are,  indeed,  very  beautifully  developed  m  the 
latter  artery,  which  has  also  usually  somewhat  thicker  walls  than 
the  craral. 

In  the  manner  here  described,  then,  and  by  intervening  forms 
of  tissue  occurring  in  the  other  coats,  the  transition  from  the 
medium-sized  to  the  largest  arteries  is  very  gradually  efi-ected. 
We  will  now  examine  the  structure  of  the  main  arterial  trunks  of 
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the  body.  As  for  the  tunica  intima,  the  epithelial  cells  are  not 
usually  so  elongated  here  as  in  the  smaller  arteries,  though  they 
are  still  fusiform  and  o-oo6'^'  to  O'oi'''  in  size.  The  remammg  part 
of  this  coat  does  not  necessarily  become  thicker  with  the  size  ot 
the  vessels;  it  exhibits,  however,  especially  in  the  aorta,  a  great 


?i-om  Z  hnman  mhiect.   Magnified  30  times,  and  treated  ^Ylth  acetic  acid. 

disposition  to  become  thickened,  so  that  it  is  often  difficult  to 
determine  its  normal  thickness.    With  reference  to  its  structure, 
it  chiefly  consists  of  lamellee  of  a  clear  substance,  which  are  some- 
times homogeneous,  sometimes  striated,  or  even  distinctly  fibril- 
lated     This  has,  for  the  most  part,  the  characters  of  connective 
tissue  [Eulenhurq  obtained  a  small  quantity  of  gelatme  from  the 
tunica  intima),  and  is  traversed  by  finer  and  coarser  longitudmal 
elastic  networks.    As  a  rule,  these  networks  become  denser  and 
denser  and  their  elements  increase  in  thickness  from  withm  out- 
wards; and  at  the  boundary  of  the  tunica  intima  and  the  tumca 
media,  the  inner  coat  presents  either  a  dense,  elastic,  reticulated 
coat  or  a  true  fenestrated  membrane,  more  or  less  fibrous,  which 
obviously  corresponds  to  the  elastic  inner  coat  of  the  small  arteries. 
Immediately  beneath  the  epithelium,  the  elastic  fibrous  networks 
are  either  very  fine,  or  are  represented  by  one  or  several  clear 
layers  of  the  striped  lamellae,  which,  when  they  contain  nuclei, 
often  appear  to  consist  of  coalesced  epithelial  cells;  but  when 
homos-eneous  and  without  nuclei,  approximate  rather  to  pale  elastic 
membranes.-In  the  circular  fibrous  coat  of  the  larger  arteries  a 
new  element  appears,  viz.,  special  elastic  membranes  or  plates, 
which,  except  in  the  transverse  course  of  their  fibres,  are  con- 
structed in  all  essential  respects  like  the  elastic  inner  coat,  parti- 
cularly  like  that  of  the  smaller  arteries,  sometimes  forming  very 
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dense  networks  of  elastic  fibres,  sometimes  truly  fenestrated  mem- 
branes with  indistinct  fibrillation.    These  membranes,  o-ooi  to 
0-0012"'  in  thickness,  may  amount  to  fifty  or  sixty  in  number,  and 
alternate  regularly  at  distances  of  0-003''' to  o-oo8"',  with  layers 
of  smooth  muscular  fibres  running  transversely;  among  which  is 
seen  connective  tissue,  with  networks  of  elastic  fibres  of  medium 
size.   These  elastic  membranes  are  not,  however,  to  be  regarded  as 
tubes  regularly  encased  in  muscular  fibres,  which  fill  their  inter- 
spaces, and  thus  isolate  them  from  each  other.    They  are  rather 
to  be  considered  as  connected  with  each  other,  and  with  the  fine 
elastic  network,  which,  in  variable  amount,  traverses  the  mus- 
cular fibres ;  and  they  are  not  unfrequently  interrupted  at  dif- 
ferent places,  or  represented  by  ordinary  elastic  networks.  The 
elastic  plates  are  seen  to  most  advantage  and  most  regularly 
arranged  in  the  abdominal  aorta,  the  innominate  artery,  the 
common  carotid,  and  in  the  smaller  arteries  of  the  class  we  are 
now  considering ;  their  disposition,  however,  varies  so  much  in 
different  individuals,  that  without  being  in  possession  of  very  ex- 
tended investigations,  it  is  scarcely  possible  to  state  anything 
generally  applicable.— The  tunica  media  Fig.  201. 

of  the  largest  arteries  is  further  distin- 
guished by  the  slight  development  of 
its  muscular  fibres.   Contractile  fibre-cells 
are,  indeed,  to  be  found  in  the  largest 
arteries  throughout  all  the  laminse  of  the 
tunica  media;  but,  compared  with  the 
other  elements   of  this  coat,  viz.,  the 
elastic  plates,  the  connective  tissue,  and 
the  finer  elastic  networks,  the  muscular 
element  constitutes  only  an  unimportant    i„J^,SS'ia?e?s' of  ?heTimn 
part  (not  more  than  one-third  or  one-  ^'J^S^^^^I^ 
fourth)  ;  and  again,  the  cells  of  the  muscu-    acid;  a.  nucleus  of  the  fibres, 
lar  tissue  are  so  undeveloped,  that  it  appears  very  doubtful  whether 
they  possess  any  power  of  contraction  worthy  of  mention.    In  the 
aorta  and  the  trunk  of  the  pulmonary  artery  especially,  the  fibre- 
cells  are  often  found  in  the  inner  layers  of  the  tunica  media  not 
longer  than  o-oi'",  and  o-o04"'  to  o-oo6"'  broad,  quite  flat  (so  that 
they  are  not  unlike  to  certain  epithelial  cells),  irregular  m  form, 
rectangular,  and  fusiform  or  club-shaped,  but  still  they  preserve 
the  well-known  cylindrical  nuclei.    In  the  outer  lammee  of  these 
vessels  the  fibre-cells  become  narrower  and  longer,  up  to  0-02" , 
and,  at  the  same  time,  more  similar  to  the  fully-developed  mus- 
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cular  fibre-cells  of  other  organs ;  yet  even  liere  tliey  retain  a  some- 
what stiff  and  peculiar  appearance.  In  the  carotid,  axillary,  iliac, 
and  subclavian  arteries,  the  contractile  elements  are  more  deve- 
loped, and,  accordingly,  the  middle  coat  of  these  vessels  has  not 
the  pure  yellow  colour  of  that  of  the  largest  arteries,  but  more  of 
a  reddish  tinge.— The  tunica  adventitia  of  the  largest  arteries  is 
thinner,  both  relatively  and  absolutely,  than  that  of  the  smaller, 
amounting  to  only  0-04"'  to  0-02'".  Its  structure  is,  upon  the 
whole,  the  same  as  in  other  arteries,  yet  its  inner  elastic  layer  is 
much  less  developed,  and,  on  account  of  the  thick  elastic  elements 
in  the  tunica  media,  it  is  but  little  marked-off  from  the  latter 
coat. 

The  tunica  intima,  also,  of  certain  arteries  contains  smooth  muscular  fibres, 
as  I  have  found  in  the  axillaries  and  popliteals  of  man,  and  as  Bemak  has  also 
lately  demonstrated  in  the  visceral  arteries  of  mammahan  animals.  In  the 
large  arteries  of  man,  this  coat  is  very  frequently  thickened,  and  then  a  great 
increase  of  the  striped  lamellae  more  especially  takes  place.~In  the  tunica 
media,  muscular  fibres  are  not  entirely  absent  in  any  artery  ;  but  they  are 
wanting  on  the  arterial  branches  of  the  retina,  which  measure  less  than  0-02'". 
—The  tunica  adventitia  of  large  arteries  contains  muscular  fibres  in  animals, 
but  none  in  man.  According  to  /.  Lister  {Trmis.  of  Royal  Society  of  Edin., 
1857,  and  Quart.  Journ.  of  Micr.  Sc.,  Oct.,  1857,  p. 8),  the  smallest  arteries  of 
the  frog's  web  show  contractile  fibre-cells,  which  measure  from  to  200  of  an 
inch,  and  run  in  a  spiral  direction,  making  one-and-a-half  up  to  two-and-a-half 
turns  round  the  inner  coat  of  the  vessel ;  and  such  fibre-cells  in  a  single 
layer  constitute  the  only  muscular  elements  of  the  vessel. 

§  215.  Veins.-— The  veins,  also,  may  be  divided  into  three 
groups,  small,  medium-sized,  and  large ;  but  these  groups  cannot 
be  so  definitely  separated  from  one  another,  as  was  the  case  in  the 
arteries.  The  veins  invariably  possess  thinner  walls  than  the 
arteries,  and  this  is  dependent  upon  the  smaller  amount  of  their 
contractile  elements,  as  well  as  upon  the  more  scanty  development 
of  their  elastic  parts ;  and  hence  the  veins  are  more  flaccid  and 
less  contractile.— The  tunica  intima  is  frequently  of  the  same 
thickness  in  large  as  in  middle-sized  veins;  it  is  less  developed 
than  in  the  arteries,  but,  in  all  other  essential  points,  is  similarly 
constructed.  The  tunica  media,  which  is  never  yellow,  but  mostly 
reddish-grey  in  colour,  contains  much  more  connective  tissue,  and 
fewer  elastic  and  muscular  fibres,  and  it  always  presents  the  very 
distinguishing  feature  of  laminse  running  longitudinally  as  well  as 
transversely.  This  coat  is  usually  thin,  though,  in  the  middle- 
sized  veins,  it  is  even  absolutely  thicker  than  in  the  large,  and,  in 
such  veins,  it  is  best  provided  with  muscular  fibres.  —The  tunica 
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adventitial  lastly,  is  generally  the  thickest  layer,  and  indeed,  its 
relative  and  absolute  thickness  increases  with  that  ot  the  vessels. 
It  completely  agrees  in  its  composition  with  that  of  the  arteries, 
except  that  in  many  veins,  those  of  the  abdominal  cavity  especially, 
we  find  in  it  very  well-developed,  longitudinal,  muscular  fibres, 
which  mve  the  whole  wall  of  the  vein  a  peculiar  character. 

The  smallest  veins  (fig.  198.  h)  may  be  said  to  consist  only  of 
nucleated  connective  tissue,  indistinctly  fibrous  or  homogeneous, 
together  with  an  epithelium.    The  component  cells  of  th^ /^tte^ 
are  oblong  or  round,  with  oval  or  even  roundish  nuclei;  whilst  the 
former  tissue  forms  an  outer  coat,  which  is  relatively  thick,  and  a 
thinner  layer  (fig.  198,  e),  representing  the  tunica  media  the  fibres 
of  both  coats  running  in  the  longitudinal  direction.    Belo w  o-o  i  , 
the  veins  gradually  lose  the  outer  connective  tissue  and  the  epi- 
thelium, and  the  middle  coat  passes,  to  all  appearance,  into  the 
structureless  coat  of  the  capillaries.    A  muscular  coat,  and  usually, 
also  a  layer  of  circular  fibres,  appear  first  in  vems  above  0-02  m 
diameter;  when  first  seen,  these  elements  appear  as  transversely 
oval  cells,  at  first  widely  apart  from  each  other,  with  short  oval,  or 
even  roundish  transverse  nuclei.    These  cells  gradually  become 
longer  and  more  numerous,  and  at  last,  on  vessels  o-o6    to  o-o« 
in  diameter,  form  a  continuous  layer  (fig.  197).  ^^^^^^^^  however,  is 
never  so  well  developed  as  that  of  the  corresponding  arteries,  ihe 
structure  of  the  veins  remains  the  same  as  far  as  those  of  o'l  m 
diameter;  but  their  fine  elastic  networks  gradually  appear  exter- 
nally to  the  epithelium  in  the  muscular  coat  and  tumca  adventitia, 
while  the  muscular  layers  themselves  increase,  and  connective 
tissue  and  fine  elastic  fibres  become  developed  between  their 
elements. 

Veins  of  medium  size,  from  one  to  four  lines  in  diameter,  com- 
prise the  cutaneous  and  deep  veins  of  the  extremities,  as  far  as  the 
brachial  and  popliteal,  and  the  visceral  and  cerebral  vems,  with 
the  exception  of  their  main  trunks.    Such  veins  are  distmgmshed 
(more  especially  those  of  the  lower  extremities)  by  the  greater 
development  of  their  circular  fibrous  coat,  which,  as  m  the  arteries, 
is  reddish-yellow  in  colour,  and  arranged  transversely.    Still,  even 
where  it  possesses  the  greatest  thickness,  this  coat  never  equals 
that  of  the  corresponding  arterial  vessels,  and  does  not  exceed 
o-o6'"  to  0-07'"  in  thickness.    It  is  distinguished  also  from  the 
similar  structure  in  the  arteries  by  possessing  not  only  transverse, 
but  also  longitudinal  layers.    The  former  are  represented  by  or- 
dinary, wavy  connective  tissue,  with  fine,  loose,  elastic  fibres. 
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Transverse  section  of  the 
vena  saphena  magna,  at  the 
malleolus ;  magnified  50 
times,  a.  Striped  lamellai 
and  epithelium  of  the  tu- 
nica intima ;  h.  elastic  coat 
of  the  same ;  c.  longitudinal 
inner  layer  of  connective  tis- 
sue of  the  tunica  media,  witli 
elastic  fibres ;  d.  transverse 
muscular  fibres,  and  e.  lon- 
gitudinal elastic  networks 
disposed  in  lamellie  ;  /.  tu- 
nica adventitia. 


readily  separable  from  each  otlier  (the  so-called  nuclear  fibres), 
and  contains  a  large  number  of  smooth  mus- 
cular fibres,  whose  fusiform  elements  mea- 
sure 0-02'''  to  0-04"'  in  length,  and  0-004''' 
to  0-007"'  in  breadth,  and  present  the  ordi- 
nary characters  of  the  contractile  fibre-cells ; 
on  the  other  hand,  the  longitudinal  laminse 
consist  of  true  reticulated  elastic  fibres,  some 
thicker  than  others,  but  all  of  the  coarser 
variety.    With  regard  to  the  mode  of  ar- 
rangement of  these  tissues  with  one  another, 
there  follows  upon  the  tunica  intima  in  cer- 
tain veins  (popliteal,  profunda  femoris,  sa- 
phjBna  major  and  minor),  a  longitudinal 
layer,  o'oi'"  to  0-04'"  thick,  formed  entirely 
of  connective  tissue  with  fine  elastic  net- 
works ;  while  in  certain  other  veins,  muscular  elements  extend  even 
as  far  as  the  innermost  layers.    In  this  case,  there  is  found  immedi- 
ately external  to  the  inner  coat  a  transverse  layer  of  muscular  fibres, 
mixed  with  connective  tissue  and  elastic  fibrils— these  three  tissues 
always  accompanying  each  other  in  such  veins ;  next  there  follow 
layers  of  longitudinal  elastic  network,  alternating  regularly  with 
layers  of  transverse  muscular  fibres  and  connective  tissue,  so  that  the 
middle  coat  of  these  veins  somewhat  resembles  that  of  the  largest 
arteries.  It  is,  however,  to  be  remarked,  that  these  elastic  networks, 
although  densely  interwoven,  are  yet  never  converted  into  homoge- 
neous membrane;  they  are,  moreover,  interrupted  here  and  there, 
and,  as  longitudinal  sections  show,  are  invariably  connected  with  one 
another  throughout  the  tunica  media.    The  number  of  these  elastic 
lamellai  varies  from  five  to  ten,  and  their  interspaces  measure  0-004'" 
to  0-0 1'".— The  tunica  intima  of  the  middle-sized  veins  measures 
0-0 1'"  to  0-04'"  in  thickness,  and  consists,  in  its  thinner  form,  of  only 
an  epithelium,  with  shorter,  though  still  elongated  cells,  of  a  striped, 
nucleated  lamella,  and  of  an  elastic  longitudinal  layer,  which  cor- 
responds to  the  elastic  inner  coat  of  the  arteries,  though  it  scarcely 
ever  appears  as  a  truly  homogeneous,  fenestrated  membrane,  but 
rather  as  an  extremely  dense,  extended  network  of  finer  and 
coarser  elastic  fibrils.    Where  the  tunica  intima  is  thicker,  the 
striped  lamellse  multiply  and  appear  in  variable  number  on  the 
inner  aspect  of  the  elastic  longitudinal  layer,  before  described  as 
forming  the  outer  limit  of  the  tunica  intima.    I  have  also  observed 
smooth  muscular  fibres  in  the  inner  coat  of  the  veins  of  the  gravid 
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uterus,  as  well  as  in  the  saphena  major  and  popliteal  veins ;  and 
this  observation  has  been  confirmed  by  Remah  in  the  visceral  vcms 
of  certain  mammalia—The  tunica  adventitia  of  these  vems  is  almost 
invariably  thicker  than  the  tunica  media,  frequently  twice  as  thick, 
more  rarely  of  the  same  strength.  As  a  rale  it  coutams  only 
elastic  tissue  and  ordinary  connective  tissue,  longitudinally  ar- 
ranged: the  elastic  elements  are  variously  connected  together, 
often  forming  very  beautiful  elastic  reticulate  coats,  with  thick 
fibres  Those  visceral  veins,  however,  which  will  be  presently 
described  as  possessing  longitudinal  muscular  fibres  m  the  outer 
coat,  also  present  similar  elements  for  a  certam  distance  on  their 

branches.  ,         „  t 

The  largest  veins  are  distinguished  from  those  of  medium  d  a- 
meter  by  the  slight  development  of  the  tunica  media,  and  especially 
of  its  muscular  fibres;  but  their  loss  in  this  situation  is  often 
compensated  by  the  appearance  of  contractile  elements  in  the 
adventitia.-The  tunica  intima  measures,  as  a  rule   O'Oi  m 
tliickness,  and  presents  the  same  structure  as  m  the  veins  oi 
medium  size.    More  rarely,  as,  occasionally,  in_  the  vena  cava 
inferior,  in  the  trunks  of  the  hepatic,  and  in  the  innominate  vein, 
it  increases  to  o'oa'"  and  even  0-03'";  this  increase  m  tluckness 
being  due  to  the  striped  lamella!  with  nuclei,  and  to  fine,  longi- 
tudinal, elastic  networks,  never  to  the  development  of  any  muscular 
layer  —The  tunica  media  measures,  on  an  average,  0-02    to  o  04  , 
but  may  amount  to  o-o6"'  to  o'li'"  in  exceptional  cases,  as  m  the 
commencement  of  the  portal  trunk,  in  the  uppermost  part  of  he 
abdominal  portion  of  the  inferior  cava,  and  at  the  mouths  of  the 
hepatic  veins.    On  the  other  hand,  it  may  be  entirely  wantmg  as 
in  the  greatest  part  of  the  vena  cava  on  the  hver,  and  in  the 
further  course  of  the  largest  hepatic  veins.    Its  structure  is  essen- 
tially the  same  as  in  the  former  instances,  only  that  the  longi- 
tudinal elastic  networks  are  variously  connected  with  each  other, 
and  are  less  distinctly  disposed  in  lamellae,  or  are  even  not  so  dis- 
posed at  all;  moreover,  the  transverse  muscular  fibres  are  scanty 
and  indistinct  (even  where  the  tunica  media  possesses  the  con- 
siderable thickness  above-mentioned),  and  are  intermingled  with 
more  numerous  transverse  bundles  of  connect  ve  tissue     I  have 
observed  the  muscular  fibres  of  the  tunica  media  most  developed 
in  the  splenic  and  portal  veins;  they  appeared  to  me  to  be  com- 
pletely absent  at  certain  spots  of  the  abdominal  vena  cava  below 
the  liver,  and  they  are  wholly  wanting,  also,  in  the  subclavian  vein 
and  in  the  terminal  portions  of  the  superior  and  inferior  vena  cava, 
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—The  tunica  adventitia  of  the  largest  veins  is  invariably  thicker 
than  the  middle  coat,  being  often  twice  to  five  times  as  thick,  and 
exhibits  the  important  peculiarity  in  its  structure,  pointed  out  by 

Fig.  203. 


Longitudinal  section  of  the  inferior  vena  cava,  at  the  liver  ;  magnified  30  times,  a. 
Tunica  intima ;  b.  tunica  media,  without  muscular  fibres,  only  containing  areolar 
tissue  and  elastic  fibres  ;  c.  internal  laminae  of  the  tunica  adventitia ;  a.  longitudinal 
muscular  fibres  of  the  same  ;  ß.  circular  areolar  tissue  of  the  same  layer  ;  d.  external 
part  of  the  tunica  adventitia  without  muscular  fibres. 

Remah,  that  in  certain  of  these  veins,  at  least,  the  outer  coat 
contains  a  large  number  of  longitudinal  muscular  fibres.  These 
are  most  conspicuous  in  the  hepatic  part  of  the  inferior  vena  cava, 
where  they  were  first  pointed  out  by  Bernard  [Gaz.  Med.  de  Paris, 
1849,         330-    H^^®  *^^^y         arranged  in  fasciculi,  o-qi'"  to 
0-04'''  in  diameter,  which  form  a  network  traversing  the  inner  half 
or  inner  two-thirds  of  the  outer  coat,  and  attaining  sometimes  a 
thickness  of  0-22'"  ;  where  the  middle  coat  is  absent,  this  muscular 
layer  of  course  lies  directly  upon  the  tunica  intima.    Besides,  m 
this  situation,  Remak  and  myself  have  also  found  these  longitudinal 
contractile  fasciculi  very  well  developed  in  the  trunks  of  the  hepatic 
vein,  in  the  trunks  of  the  vena  porta3,  and  in  the  upper  part  of  the 
inferior  vena  cava ;  and  I  have  tracked  them  as  far  as  the  splenic 
vein,  the  superior  mesenteric,  the  external  iliac  and  renal  veins. 
In  these  situations,  the  longitudinal  fasciculi  never  contain  any 
connective  tissue,  but  probably  elastic  fibres  in  a  certain  number. 
The  vena  azygos  also  exhibited  a  few  muscular  elements  in  its 
outer  coat,  but  they  were  absent  throughout  in  the  upper  veins. 
It  was  only  in  the  renal  veins  and  the  vena  portse  that  these  mus- 
cular fibres  extended  through  the  whole  thickness  of  the  tunica 
adventitia,  for,  in  the  other  veins  mentioned,  a  larger  or  smaller 
part  of  it  externally  remained  free  from  muscle,  and  consisted,  as 
usual,  of  longitudinal  connective  tissue  and  elastic  fibrous  networks. 
This  circumstance  gave  to  the  muscular  layer  of  the  tunica  adven- 
titia the  appearance  of  a  special  vascular  coat,  and  might  have 
produced  a  confusion  between  it  and  the  tunica  media,  which  in 
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these  vessels  is,  as  before  stated,  undeveloped  or  even  absent.  The 
error,  however,  could  be  readily  avoided  by  tracing  the  condition 
of  the  parts  from  the  smaller  veins  onwards.  The  contractile 
elements  of  the  tunica  adventitia  are  0-02'''  to  0-04'''  in  length, 
and  present  the  usual  characters;  besides  this  muscular  layer 
and  the  numerous  longitudinal  elastic  networks,  the  outer  coat 
of  the  largest  veins  invariably  contains  a  certain  quantity  of 
connective  tissue,  which  appears  always  to  run  in  a  transverse 
direction ;  so  that  even  in  these  large  veins  the  transverse  elements 
are  not  unrepresented,  although  they  no  longer  exhibit  muscular 
fibres  as  their  chief  components.  All  the  large  veins  which  open 
into  the  heart  possess,  for  a  short  distance,  an  outer  circular  layer 
of  the  same  kind  of  muscular  fibres  which  occurs  in  the  heart, 
characterised  here  also  by  anastomoses  of  the  primitive  bundles. 
According  to  Räuschel,  they  extend  along  the  upper  vena  cava  as 
far  as  the  subclavian  vein,  and  are  also  to  be  found  upon  the  main 
branches  of  the  pulmonary  veins;  in  the  former  situation,  ac- 
cording to  Schra7it,  they  are  longitudinal,  and  are  found  even 
towards  the  interior  of  the  coat  of  the  vessel. 

We  have  still  to  make  special  mention  of  certain  veins,  in  which 
the  muscular  elements  are  excessively  developed,  and  of  others  in 
which  they  are  entirely  absent.  To  the  former  class  belong  the 
veins  of  the  pregnant  uterus,  in  which,  besides  the  tunica  media, 
the  inner  and  the  outer  coats  also  present  longitudinal  muscular 
layers,  whose  elements  exhibit  the  same  colossal  development  in 
the  fifth  and  sixth  months  of  pregnancy  as  those  of  the  uterus 
itself.  The  veins  which  are  wholly  destitute  of  muscular  fibres 
are  :  i.  The  veins  of  the  maternal  portion  of  the  placenta,  in  whose 
walls  large  cells  and  fibres  occur  external  to  the  epithelium,  which 
I  regard  as  undeveloped  connective  tissue.  2.  The  majority  of  the 
veins  of  the  cerebral  substance  and  pia  mater.  These  vessels  are 
made  up  of  a  simple  layer  of  roundish  epithelium,  a  thin  longi- 
tudinal layer  of  connective  tissue  with  separate  longitudinal  nuclei, 
representing  the  tunica  media,  and  lastly,  a  tunica  adventitia, 
more  homogeneous  in  the  smaller  vessels,  but  fibrillated  and 
nucleated  in  the  larger.  It  is  only  rarely  that  a  slight  indication 
of  muscular  fibres  is  exhibited,  and  then  it  is  in  the  middle  coat 
of  the  largest  of  these  veins,  as  represented  in  fig.  197.  3.  The 
sinuses  of  the  dura  mater  and  the  veins  of  Breschet  in  the  bones. 
These  are  lined  by  a  pavement-epithelium,  and  possess,  external  to 
it,  a  layer  of  connective  tissue,  sometimes  with  fine  elastic  fibres, 
which  passes  continuously  into  the  tissue  of  the  dura  mater  and 
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internal  periosteum.    4-  The  venous  spaces  of  the  corpora  ca- 
vernosa (see  §  200),  and  of  the  spleen  of  certain  mammalm  (see 
5  160)     5.  The  veins  of  the  retina.-The  valves  of  the  vein 
chiefly  consist  of  distinct  connective  tissue,  which  runs  para  lei 
to  their  free  border,  and  contains  numerous  elongated  nuclei, 
as  well  as  scattered  elastic  fibres,  wavy  and  mostly  free  some  ot 
them  being  of  the  thicker  variety.    On  the  surface,  there  is 
found  either  a  simple  epithelium  with  short  cells,  or,  m  addition, 
a  very  fine  elastic  network  beneath  the  cells,  disposed  principally 
in  the  longitudinal  direction.    The  valves,  accordingly,  may  be 
regarded  as  continuations  of  the  middle  and  inner  coats,  although, 
as  far  as  I  have  seen,  muscular  fibres  are  wantmg  m  them 
WaUgren,  indeed,  believes  he  has  seen  them  in  large  valves,  but 
ReJk  regards  the  appearance  of  them  as  caused  by  the  outer  wall 
of  the  vein  in  the  neighbourhood  of  the  valves,  where  the  other 
two  coats  happen  to  be  thin. 

§  216.  Capillaries,  Vasa  Capillaria.-mth  the  single  exception 
of  the  cavernous  structures  in  the  sexual  organs  and  in  the  uterine 
placenta,  all  the  arteries  and  veins  of  the  human  body  are  connected 
bv  abundant  networks  of  microscopically  fine  vessels  which,  on 
account  of  their  narrow  calibre,  have  received  the  above  desig- 
nation.   They  everywhere  consist  of  a  single,  structureless  coat 
with  cell-nuclei,  and  are  thus  distinguished  very  essentially  from 
the  larger  vessels;  still  the  transition  to  the  arteries  on  the  one 
side  and  to  the  veins  on  the  other  is  quite  imperceptible,  so  that  at 
a  certain  point  it  is  quite  impossible  to  recognise  the  characters 
assigned  by  the  histologist  as  the  distinguishing  marks  of  the  one 
or  the  other  division  of  vessels;  such  vessels,  therefore,  may  be 
best  designated,  according  to  the  side  on  which  they  lie,  as  venous 
or  arterial  vessels  of  transition,  and  without  further  alteration  m 
the  general  arrangement,  we  may  rank  them  with  the  capillaries 

The  proper  capillaries,  when  narrowly  examined,  present  the 
following  conditions.  Their  structureless  coat  is  perfectly  bright 
and  clear,  sometimes  delicate  and  bounded  by  a  simple  contour 
sometime;  thicker,  up  to  o-ooo8"'  and  0  001'",  and  with  a  dis  met 
double  contour.  It  completely  agrees  in  its  microscopical  reactions 
with  old  cell-membranes  and  with  the  sarcolemma  of  the  trans- 
versely striated  muscular  fibres  (§  85)  ;  and  with  regard  to  its 
other  properties,  it  is  perfectly  smooth  internally  and  externally, 
tolerably  resistant  and  elastic,  notwithstanding  its  fineness  yet,  m 
all  probability,  it  is  not  contractUe.    It  always,  and  without  ex- 
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ception^  possesses  a  certain  number  of  elongated  cell-nuclei,  of 
0-003'"  to  0-004'''  size,  which  are  sometimes  disposed  at  wider 
intervals,  and  then  generally  alternate  on  the  two  sides  of  the 
vessel^  but  are  sometimes  nearer,  or  even  quite  close  together.  In 
thin  vessels,  these  nuclei  have  their  seat  upon  the  inner  side ;  but  in 
thicker  ones  they  are  placed  in  the  substance  of  their  wall,  in  such  a 
manner  that  they  not  unfrequently  occasion  projections  of  the  walls 
outwards.  The  diameter  of  the  capillaries,  in  man,  varies  between 
0-002"'  and  o-oo6"',  and  they  may,  for  the  facility  of  description, 
be  again  divided  into  a  finer  sort,  measuring  from  0*002'"  to  0*003'" 
in  diameter,  and  having  scanty  nuclei  and  thin  walls ;  and  into  a 
coarser  kind,  0-004'"  to  0-006"',  with  thicker  coats  and  numerous 
nuclei ;  the  two  groups,  it  is  to  be  understood,  are  not  separated 
by  any  natural  limit. 

By  the  union  of  the  capillaries 
retia   capillaria,  w^hich  have 


arise  the  capillary  networks. 

Fig.  204. 


been  already  treated  of  in  de- 
tail in  the  description  of  the 
several  organs  and  tissues,  and 
will,  therefore,  only  be  shortly 
spoken  of  here  in  general  terms. 
Their  forms,  in  spite  of  con- 
siderable variations,  are  still 
pretty  constant  for  the  several 
organs,  and,  according  to  their 
uniformity  or  peculiarity,  are 
more  or  less  characteristic. 
The  various  forms  depend,  in 
great  measure,  upon  the  ar- 
rangement of  the  elementary 
parts,  but  also  upon  the  energy 
of  the  functions.  With  regard 
to  the  former,  there  are,  in 
many  organs,  certain  ultimate 
tissues,  into  which  vessels  never 
penetrate,  such  as  the  trans- 
versely striated  muscular  fibres, 
the  bundles  of  connective  tissue, 
the  nerve-tubes,  cells  of  all 
kinds,  and  gland-vesicles;  and 
the  course  of  the  capillaries 
is  definitively  determined  ac- 


Fiuest  vessels  of  the  arterial  side.  1.  Smallest 
artery;  2.  transition  vessel;  3.  coarser  capil- 
laries; 4.  finer  capillaries,  a.  Structureless  mem- 
brane, still  with  some  nuclei,  i-epresentative  of 
the  tunica  adventitia ;  b,  nuclei  of  the  muscular 
fibre-cells;  c.  nuclei  -within  the  small  artery, 
perhaps  appertainmg  to  an  epithelium ;  d.  nuclei 
of  the  capillaries  of  the  transition  vessels.  From 
the  human  brain  ;  magnified  300  times. 
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cording  as  they  lie  among  one  or  other  of  these  elementary  tissues ; 
thus  they  preLt  sometimes  more  elongated  meshes,  sometimes 
lound^sh  narrower,  or  wider  networks.    The  physiological  energy 
ni  trts  is  stil'l  more  important,  as  determining  the  arrange- 
xnent  of  the  capillary  plexuses;  and  it  is  a  general  1^^' ^1^«*  ^l^^ 
Tea  er  the  activity  of  an  organ,  whether  expressed  m  eontrac  ons 
Stltns  secretion  or  ab-ption  ^he  denser  .-e  t^^^^ 
iietworks  and  the  more  abundant  is  the  quantity  of  blood  suppliea 
tolr  The  capillary  networks  are  closest  in  the  organs  of  secretion 
and  absl  pt  on,  as  in  the  glands,  above  all  in  the  lungs,  the  liver, 
andSdneys;  next  in  the  skin  and  mucous  membranes  ;  they 
are  much  widVin  the  organs  which  receive  blood  only  for  he 
sike  oTtheir  own  nourishment  and  for  no  other  object,  as  m  the 
r^uscles  nerves,  organs  of  the  senses,  serous  membranes,  tendons, 
Td  bones   yet  even  here  differences  occur;  the  muscles  and  the 
grey  n™  substance,  for  example,  being  much  more  abundantiy 
Sued  than  the  other  parts  mentioned.    The  diameter  o  the 
eantries  hemselves  present  almost  exactly  a  converse  condition ; 
oTt; "re  filt  (o-oL'"  to  0-003'"),  and  their  walls  are  t« 
in  the  nerves,  muscles,  in  the  retina,  and  m  the  Peyerian  follicles , 
next  in  the  mucous  layer  of  the  skin,  and  in  the  mucous  mem- 
banes,  they  amount  to  0-003'"  to  0-005'"  m  fa«f 
glands'  and  bones,  lastly,  they  reach  ,  no 

0-006'"-  and  in  the  compact  substance  of  the  latter,  although  no 

longer  pos--g  1-*«  "^y^^'^'V  1^:^^ 

even  0-008'"  and  o-oi'".  Physiology  is  not  m  a  position  to  explain 
all  these  differences  in  detail,  through  the  deficiency  of  our  know- 
1  dge  of  he  laws  of  diffusion  through  the  different  capiUary  mem- 
branes and  also  because  the  finer  modifications  of  the  circulation 
in  the  several  organs  are  completely  unknown  to  us. 

it  manner  in  which  the  capillaries  pass  into  the  larger  vessels 
is  difficult  to  follow.    Towards  the  arteries,  the  capillaries,  as  hey 
become  broader,  receive  more  closely  disposed  nuclei,  and  tiien 
beeol  covered  externally  with  a  structureless  tunica  adventitia 
and  with  separate  muscular  cells;  and  in  this  manner  t^^  y  already 
have  the  appearance  of  the  narrowest  arteries  when  they  have 
rel^hed  a  ILeter  of  0-007'"  (fig-  ao4,  O-    Epitheha  cells  then 
appear  to  take  the  place  of  the  nuclei,  while  the  eapi  lary  mem- 
bran  either  disappears,  or  becomes  continuous  with  the  elastic  inne 
coat   The  venou  vessels  of  transition  do  not  become  characten  tic 
01  a  longer  distance.    The  first  structure  that  is  here  superadded 
to  the  efpiUary  membrane  is  an  outer,  homogeneous,  nucleated 
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layer,  which  may  be  regarded  as  a  kind  of  connective  tissue ;  and 
while  the  nuclei  of  the  capillary  vessels  move  closer  together,  this 
layer  gradually  coalesces  with  the  membranous  tube.  In  vessels  of 
o'Oi'",  the  internal  nuclei  are  already  so  numerous,  as  to  present 
unmistakeably  the  characters  of  the  epithelium;  and  the  outer 
layer  has  by  this  time  become  increased  by  a  nuclear  lamina,  the 
tunica  adventitia,  so  that  the  vessel  is  now  distinctly  lamellated 
(fig.  198),  and  we  may  properly  give  it  the  name  of  a  vein.  The 
capillaries,  accordingly,  appear  to  become  transformed  into  the 
larger  vessels  by  the  superaddition  of  layers,  both  on  their  inner 
and  outer  sides ;  their  own  coat,  meanwhile,  coalescing  with  these, 
and  being,  perhaps,  continued  into  the  fibrous  layer  of  the  tunica 
intima. 

III. — Of  the  Lymphatic  Vessels. 
§  217.  The  lymphatics,  with  the  exception  of  their  contents, 
agree  so  nearly  with  the  veins,  that  a  short  exposition  of  their 
structure  will  suffice. 

Fig.  205. 


Capillary  lymphatic  vessels,  from  the  tail  of  a  tadpole ;  magnified  350  times,  a. 
Membrane  of  the  same;  &.  processes  which  they  form;  c.  remains  of  the  contents  of 
the  cells  which  form  these  vessels,  in  which  nuclei  lie  concealed  ;  e.  caecal  terminations 
of  the  vessels ;  /.  such  a  one  still  pretty  distinctly  recognisable  as  a  formative  cell ;  g. 
isolated  formative  cell  in  the  act  of  uniting  with  the  real  vessels. 


502  COMMENCEMENTS  OF  LYMPHATICS.        [sect.  217. 

The  commencements  of  the  lymphatics  are  only  known  with 
certainty  in  a  single  place,  viz.,  in  the  tails  of  batrachian  larvee, 
where  I  discovered  them  in  1846  {Annal  d.  Sc.  Natur.,  1846),  and 
here  (fig.  205)  they  are  seen  to  possess  essentially  the  same  struc- 
ture as  the  blood-capillaries.    These  capillary  lymphatics,  which 
spread  out  in'beautiful  ramifications  in  the  transparent  edges  ot  the 
tail  from  an  upper  and  lower  vas  lymphaticum  caudale,  exhibit  m 
the'trunks,  as  well  as  in  the  minuter  vessels,  a  single,  very  dehcate, 
structureless  coat,  with  nuclei  upon  its  interior;  and  they  are  dis- 
tinguished in  their  structure  from  the  blood-capillaries  of  the  larvse 
solely  by  the  presence  of  numerous  fine-toothed  processes  of  various 
lengths  proceeding  from  their  membrane,  so  that  they  have  a  pe- 
culiar sinuous  appearance.    The  commencement,  also,  of  these 
vessels,  0-002'''  to  0-005'"  broad,  is  also  peculiar,  for  they  form  but 
few  anastomoses,  but  commence  almost  always  by  fine  pointed 
extremities,  even  in  the  fully-developed  tail  (fig.  205).-In  the  first 
edition  of  my  German  manual,  I  indicated  two  other  situations  m 
which  the  commencement  of  lymphatics  had  been  unequivocally  ob- 
served ;  but  these  observations  have  again  become  doubtful  by  more 
recent  investigations.    The  vessels  which  were  figured  by  me  as 
lymphatics  in  the  trachea  of  man  {Mikr.  Anat.,  fig.  279),  were  pro- 
bably nothing  else  than  blood-vessels  peculiarly  metamorphosed. 
Virchoiv,  at  least,  has  recently  found  vessels  in  the  mucous  mem- 
brane of  the  trachea  and  intestine  transformed  into  whitish  widened 
canals,  filled  with  fatty  granular  masses,  on  which  he  observed, 
also,  terminations  apparently  csecal;  and  these  vessels  evidently 
belonged  to  the  sanguiniferous  system ;  an  observation  which,  if 
it  does  not  completely  invalidate  my  former  views,  yet  deprives 
them  of  all  certainty.    With  regard,  secondly,  to  the  chyle-vessels 
of  the  intestinal  villi,  I  believe  I  can  positively  answer  for  them 
here;  but  when  an  observer  of  the  authority  of  Brücke  totally 
denies  their  existence  (see  §  153).  they  can  no  longer  be  classed 
among  the  number  of  well-established  facts.    If  the  commence- 
ments  of  the  chyle-vessels  be  not  known  in  these  places,  it  is 
certain  that  they  are  not  known  in  any  other  case,  or  in  any  other 
place;  and  although  the  results  of  injections  point  to  the  com- 
mencement of  lymphatics  by  networks  {Mikr.  Anat,  n.  i,  p.  22, 
23),  yet  these  have  never  yet  been  narrowly  investigated  with  the 
aid  of  the  higher  magnifying  powers,  and,  in  some  parenchymatous 
organs,  no  result  whatever  has  yet  been  attained  by  means  of 
injections. 

The  transition  of  the  lymphatic  capillaries  into  the  larger  lym- 
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phatics  has  been  but  little  investigated.  According  to  Brücke,  an 
epithelial  layer  can  be  detected  over  the  nuclei  in  those  chyle- 
vessels  of  the  intestinal  walls  which  already  possess  valves,  and 
which  measure  o'02  of  a  millimetre ;  while  no  epithelium  is  found 
in  the  smaller  valveless  branches:  these  soon  lose  their  walls, 
and  communicate  freely  with  the  spaces  of  the  tissue  before 
described.  It  was  not  possible,  on  either  the  one  or  the  other  of 
these  vessels,  to  distinguish  a  special  wall  apart  from  the  connective 
tissue  of  the  tunica  adventitia  surrounding  them ;  indeed,  layers  of 
connective  tissue  appeared  to  form  the  whole  wall  of  the  vessel  as 
far  as  the  epithelium,  though  it  should  be  mentioned,  that  in  the 
valved  vessels  of  the  submucous  tissue  smooth  muscular  fibres  were 
also  found  {Sitzungsher.  d.  Wien.  Akad.  vom  März,  1853). 

The  finest  lymphatic  vessels  which  have  come  under  my  own  ob- 
servation have  measured        V"  to       and,  except  in  the  thickness 
of  the  individual  layers,  have  completely  agreed  with  larger  vessels 
which  measured  1'"  to  ij'''.     These  medium-sized  lymphatics 
possess  three  coats.    The  tunica  intima  consists  of  an  epithelium 
whose  cells  are  elongated,  though  still  rather  short,  and  of  a  simple 
elastic  reticulate  coat,  which  is  rarely  double,  and  has  its  fibres  dis- 
posed in  the  longitudinal  direction  ;  with  reference  to  the  thickness 
of  its  fibres,  and  the  narrowness  of  its  meshes,  these  are  points 
subject  to  considerable  variation,  yet  it  never 
becomes  a  thick  fibrous  coat  or  true  elastic 
membrane  (according  to  Weyrich,  this  coat  is 
absent  in  the  lymphatics  of  the  mesentery, 
while,  on  the  other  hand,  I  have  always  found 
it  in  those  of  the  lumbar  plexus  and  of  the 
extremities).    Next  follows  a  thicker  tunica 
media,  composed  of  transverse  smooth  muscular 
fibres,  with  fine  elastic  fibres  likewise  disposed 
transversely ;  lastly,  a  tunica  adventitia,  made 
up  of  longitudinal  connective  tissue,  with  scanty 
networks  of  fine  elastic  fibre,  and  a  larger  or 
smaller  number  of  smooth  muscular  fasciculi, 
running  obliquely  and  longitudinally.    I  have 
found  these  latter  in  the  lymphatics  of  the  extremities,  on  vessels 
of  JJ"  in  diameter,  and  regard  them  as  a  good  mark  of  distinction 
between  lymphatics  and  small  veins  (see  my  Micr.  Anat,  ii.  i, 
p.  236). 

The  tJioracic  duct  differs  in  some  respects  from  the  smaller 
lymphatics.    The  epithelium  itself  presents  no  peculiarity,  but  is 


Fig.  20G. 


Transverse  section 
through  the  coats  of  the 
thoracic  duct,  of  man; 
magnified  30  times.  «. 
Epithelium,  striated  la- 
Tnellffi,  and  inner  elastic 
coat;  b.  longitudinal 
connective  tissue  of  the 
middle  coat;  c.  trans- 
verse muscles  of  the 
same  ;  d.  tunica  adven- 
titia, with  e.  the  longi- 
tudinal muscular  fibres. 
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followed  by  some  striped  lamellae,  and  then  by  an  elastic  reticulate 
coat, with  its  fibres  disposed  longitudinally;  still  the  whole  tunica 
intima  scarcely  measures  o-oo6'"  to  o'Oi'"  in  thickness.  The  tumca 
media   0-025'"  thick,  commences  by  a  very  thm  layer  ot  longi- 
tudinal connective  tissue,  with  fine  elastic  fibres,  whüe  the  re- 
mainder is  made  up  of  a  transverse  muscular  lamm^,  with  fine 
elastic  fibres.    The  tunica  adventitia,  lastly,  contains  longitudinal 
connective  tissue,  together  with  elastic  fibres,  and  separate  reticu- 
lated fasciculi  of  longitudinal  muscular  fibres.-The  valves  of  this 
canal  and  of  the  lymphatics  in  general,  completely  agree  with 
those'  of  the  veins.— The  blood-vessels  which  supply  the  coats  ot 
the  lymphatics,  present  the  same  condition  on  the  thoracic  duct 
as  on  the  veins.— No  nerves  have  hitherto  been  found  on  them. 

Brüche  has  recently  attempted  to  prove,  on  physiological  grounds  that 
the  ymphatics  at  their  origin  cannot  be  provided  with  any  walls 
d.  Wien  Akad.  vi.  pp.  et  seq.).  Setting  aside  the  boldness  of  such  a  method 
of  proof  in  the  imperfect  state  of  this  branch  of  physiology,  i?m.fe.  .  deduc- 
tions ar'e  opposed  to  actual  facts.  There  is  no  difficulty  in  convmcmg  one- 
self that  certain  lymphatics  in  the  tadpole  do  really  begm  by  positively 
closed  extremities. 

&  218.  Lymphatic  Glands.- The  larger  lymphatic  glands,  in 
their  normal   condition,  consist,  like  the 
suprarenal  capsules,  of  an  envelope,  of  a  cor- 
tical, and  of  a  medullary  substance.  The 
envelope  encloses  the  gland  completely,  with 
the  exception  of  one  or  more  places  where 
the   larger    blood-vessels   enter,  and  the 
efferent  lymphatic  vessels  pass  out  ;  this 
may  be  designated  the  '  hdus '  of  the  gland. 
The  envelope  is  more  delicate  on  the  glands 
situated  in  the  large  cavities  of  the  body, 
than  on  those  of  the  external  regions:  in 
its  structure  it  is  wholly  composed,  in  man 
at  least,  of  connective  tissue,  in  which  are 
interspersed   numerous  fine   elastic  fibrils 
(nuclear  fibres),  and  their  formative  ele- 
ments, the  plasmatic  cells.     In  the  lower 
animals,  according  to  0.  Heyfelder,  especially 
in  the  mouse,  contractile   fibre-cells  also 
occur  in  it ;  but  Beck  and  Remah  have  not 
been  able  to  find  them  {Jaliresh.,  v.  Henle, 
3y)._The  cortical  substance,  which  is  perceptible  on  the 
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A  lymphatic  gland,  of  the 
inguinal  region  of  man, 
double  the  actual  size.  a. 
vasa  inferentia;  h.  vas  ef- 
ferens  coming  out  of  the 
hilus  ;  c.  alveoli  of  the  sur- 
face of  the  cortex,  seen 
through  the  envelope 
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Section  of  the  cortical  substance  of  a  human  inguinal 
gland  ;  magnified  80  times,  a.  envelope  of  the  gland  ;  b. 
four  superficial  vasa  inferentia ;  c.  larger  alveoli  of  the  sur- 
face of  the  cortex,  with  the  fine  meshwork  in  their  interior; 
some  with  their  contents ;  d.  smaller  lacunse  situated  fur- 
ther inwards ;  e.  partitions  of  the  alveoli. 


whole  surface  of  the  gland,  except  the  hilus,  forms  a  soft,  juicy 
layer,  with  various  shades  of  yellowish-white,  reddish-yellow,  or 
reddish-grey,  measuring,  in  large  glands,  two,  two  and  a  half,  or 
even  three  lines  in  thick-  Fig.  208. 

ness.  Externally,  and 
partly  also  upon  sections, 
it  exhibits  a  coarsely 
granular  vesicular  appear- 
ance, almost  like  Peyer^s 
glands  that  have  been 
exposed  from  without. 
This  appearance,  which 
was  well  known  to  the 
older  anatomists,  is  pro- 
duced by  a  great  number 
of  greyish  round  bodies 
like  follicles,  surrounded 
by  narrow  whitish  bor- 
ders. If  the  structure  of 
the  cortex  be  more  narrowly  inspected,  it  is  easily  seen  that  the 
supposed  follicles  are  not  separate  structures,  like  the  elements  of 
a  Peyer's  patch,  or  of  a  tonsil ;  and  it  appears,  indeed,  that  they 
cannot  be  isolated  from  one  another  at  all.  The  appearance  of 
follicles  will  be  found  to  result  from  projections,  in  every  direction, 
of  portions  of  the  cortical  substance,  which  are  contained  in  the 
compartments  of  a  pretty  regular  frame-work.  This  frame-work 
arises  by  a  great  number  of  thinner  and  thicker  laminse  (0*004"' 
to  0*02'''  and  upwards),  from  the  inner  surface  of  the  envelope ; 
the  laminae  being  so  regularly  connected  with  each  other  as  to 
form  a  fibrous  network,  extending  through  the  whole  cortex ;  the 
roundish  polygonal  spaces  of  this  network  may  be  called  the 
alveoli  of  the  lymphatic  glands,  and  they  measure  from  to  ^'''in 
diameter.  In  man,  these  alveoli  are  most  regular  in  the  outer- 
most layer  of  the  cortex,  and  are  here  for  the  most  part  distinct 
from  each  other ;  perhaps  even  entirely  separate,  but  this  is  diffi- 
cult to  determine ;  whilst  further  inwards,  the  septa  between  the 
alveoli  are  frequently  less  complete  and  more  delicate.  At  least 
as  we  approach  the  interior,  the  septa  become  still  finer,  and  the 
alveoli  are  no  longer  completely  shut  off  from  each  other,  so  that 
the  cortical  substance  here  obtains  a  somewhat  homogeneous 
appearance. 

With  regard  to  the  intimate  structure  of  the  cortex,  the  par- 
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titions  consist  for  the  most  part  of  ordinary  fibrous  connective 
tissue,  with  some  few  fine  elastic  elements;  and  besides  these, 
there  occur  a  variety  of  structures  very  similar  to  the  plasma-cells 
of  Virchow,  which  I  regard  as  nothing  else  than  young  connec- 
tive tissue.    The  structures  in  question  are  delicate  fusiform  fibres, 
whose  average  length  is  0-02'^  with  narrow  cell-bodies,  which 
p;ive  off  fine  processes,  and  contain  a  small,  short,  elongated  nu- 
cleus •  others  of  these  structures  have  three  of  these  processes, 
and  they  all  behave  towards  alkalies  and  acetic  acid  more  like 
connective  tissue,  and  present  nothing  of  the  resistance  of  plasma- 
cells    These  fibrous  elements  do  not  lie  scattered  m  the  partitions, 
but  rather  are  grouped  into  large  collections,  and  they  not  un- 
frequently  form  by  themselves  the  more  dehcate  trabecule,  ^^ot 
unfrequently,  also,  on  teasing  out  a  washed  section  of  the  cortical 
substance,  we  may  distinctly  observe  them  to  be  connected  by 
their  processes,  and  they  may  be  cleansed  accordingly,  as  a  special 
modification  of  what  I  have  termed  the  ^reticulate  connective 
tissue.^ 

The  contents  of  the  alveoli  of  the  cortical  substance  consist  of 
a  greyish-white  pulp  of  alkaline  reaction,  which  appears  entirely 
to  agree  with  that  of  the  follicles  of  the  tonsils.    In  fact,  even 
microscopical  examination,  as  microscopists  unanimously  assert 
detects  at  first  sight  nothing  but  a  certain  quantity  of  fluid,  with 
numerous  morphological  elements.  But  when  this  pulp  is  examined 
more  closely,  it  is  seen  to  be  traversed  by  a  rich  capillary  network, 
first  indicated  by  myself  {Handh.  d.  Geweh.,  i  aufl.,  1852,  p.  562); 
so  that  it  comes,  indeed,  to  present  an  appearance  like  that 
pointed  out  by  Ernst,  Frei  and  myself,  as  characterismg  the  folh- 
cles  of  Peyer's  glands,  or  the  Malpighian  corpuscles  of  the  spleen. 
I  find  reason,  however,  from  further  study  of  the  lymphatic  glands, 
to  agree  with  Bonders,  in  regarding  the  composition  of  the  con- 
tents of  these  alveoli  as  quite  pecuhar.    Hitherto  we  have  regarded 
these  alveoli  as  simple  cavities,  filled  by  a  connected  mass  of  cells 
and  nuclei,  but  the  true  structure  would  appear  to  be  essentially 
different  from  this;  each  alveolus  proves  to  be  traversed  by  a 
very  great  number  of  trabecule,  mostly  very  delicate,  with  fibrils 
and  laminse  which  anastomose  in  various  ways  with  each  other, 
and  form  a  beautiful  spongy  tissue,  which  most  resembles,  of  course 
in  miniature,  that  of  the  spleen.    The  microscopical  structure  ot 
this  spongy  tissue  is  extremely  beautiful;  and  I  have  observed  it 
nowhere  else  in  the  adult.    Besides  the  vessels  which  are  dis- 
tributed to  the  alveoli,  and  which  are  supported  on  the  larger 
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trabeculse,  this  tissue  consists  simply  and  entirely  of  the  above- 
described  fusiform  and  stellate  fibre-cells,  which  simply  anasto- 
mose with  each  other  where  the  spongy  tissue  is  most  dehcate ; 
and  where  it  is  somewhat  coarser,  several  of  them  lie  side  by  side 
to  form  the  thicker  trabeculse. 

Now  the  juice  which  is  readily  obtained  from  the  cortex  of  a 
lymphatic  gland,  is  contained  in  the  anastomosing  meshes  of  the 
above-mentioned  delicate  spongy  tissue.  To  the  microscope  it 
presents  nothing  else  than  roundish  cells,  0-003'"  to  0*004''', 
more  rarely  reaching  0-005'"  to  o'ooy'",  which  entirely  agree 
with  those  of  the  chyle  and  lymph.  My  more  recent  obser- 
vations lead  me  to  reject  the  belief,  that  this  juice  is  an  in- 
dependent stationary  gland-element,  and  I  now  view  it  as  being 
simply  chyle  or  lymph,  which  is  continually  carried  towards  the 
vasa  efferentia.  But  this  theory  will  be  discussed  more  in  detail 
further  on. 

The  medullary  substance  occupies  the  interior  of  the  glands,  and 
is  more  or  less  exposed  to  view  at  the  hilus,  according  to  the  extent 
of  this  spot.  Its  colour,  in  the  glands  of  the  external  parts,  is 
whitish,  but  in  the  visceral  lymphatic  glands  is  more  reddish-grey. 
In  man  it  is  more  or  less  sharply  marked  off  from  the  cortical  part^ 
and  does  not  present  any  trace  of  the  alveolar  structure  of  the 
cortex,  but  consists  of  a  dense  plexus  of  lymphatic  vessels,  which  is 
in  immediate  connection  with  the  vasa  efferentia  of  the  glands ;  and 
here  also  the  coarser  ramifications  of  the  blood-vessels  are  found. 
Both  kinds  of  vessels  are  supported  by  a  pretty  abundant  stroma 
of  rather  dense  connective  tissue,  without  elastic  elements ;  and  in 
this  stroma  in  the  larger  glands  of  the  external  regions,  larger  or 
smaller  collections  of  fat-cells  are  interspersed. 

The  most  difficult  part  of  the  anatomy  of  the  lymphatic  glands, 
is  to  ascertain  the  arrangement  of  the  lymphatic  vessels  in  their 
interior,  and  the  two  old  views  of  Malpighi  and  Hew  son  still  stand 
opposed  to  each  other.  The  former  of  these  authors  regarded  the 
glands  as  consisting  of  large  anastomosing  spaces  (or  cells,  as  they 
have  been  termed) ;  the  latter,  on  the  other  hand,  considered 
them  as  a  plexus  of  true  lymphatic  vessels.  For  my  own  part,  I 
find  a  great  difference,  which  has  not  been  noticed  by  any  physi- 
ologist, between  the  condition  of  the  lymphatic  vessels  in  the 
cortex  and  in  the  medulla  of  the  glands.  In  the  former  situ- 
ation, it  is  readily  seen  how  the  different  vessels  on  their  arrival 
at  a  gland  repeatedly  divide  and  perforate  the  envelope  of  the 
organ;  they  then  surround  the  outermost  alveoli  of  the  cortex 
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with  Still  finer,  more  rectangular  and  radiating  twigs,  and  dip  into 
the  septa  of  connective  tissue.    Thus  far  the  afferent  lymphatics 
are  easily  traced,  but  it  is  extremely  difficult  to  follow  them  m 
their  further  course  inwards.   After  repeated  and  contmuous  study 
of  these  organs,  I  find  reason  to  adhere  to  the  opinion,  expressed 
in  the  first  edition  of  my  German  handbook,  and  confirmed  by 
the  recent  statements  of  Ludwig  and  Noll,  to  the  effect  that 
the  finest  branches  of  the  vasa  inferentia  open  into  the  alveoh  of 
the  cortex,  inasmuch  as  in  successful  injections  from  the  vessels 
in   question,  first  the   alveoli,   and   then  the  vessels   of  the 
medulla  and  the  vasa  efferentia  become  filled.     But,  on  con- 
sideration of  our  more  advanced  knowledge  of  the  contents  ot 
the  alveoli,  I  would  add  to  this  opinion,  that  the  mterior  of  the 
alveoli  is  not  to  be  considered  as  a  simple  large  space  traversed  by 
the  lymph,  but  rather  as  a  corpus  cavernosum  lymphaUcum,  if  we 
may  venture  to  give  it  such  a  name.    With  respect  to  the  mode  of 
connection  of  the  finest  vasa  inferentia  with  the  spongy  tissue  of  the 
alveoli  I  have  not  yet  been  able  to  obtain  any  microscopical  data 
yet  I  do  not  believe  that  this  circumstance  constitutes  a  vahd 
reason  for  relinquishing  the  assumption,  which  is  supported  by  so 
numerous  other  facts,  that  the  vasa  inferentia  open  into  the  mesh- 
work  of  the  alveoli.    Has  any  one  even  in  the  corpora  cavernosa  ot 
the  sexual  organs,  been  able  directly  to  observe  the  connection 
of  the  arteries  and  of  the  venous  spaces  ?  Yet  here  the  tissue  is  not 
nearly  so  delicate,  and  all  the  conditions  are  much  more  easy  ot 
investigation  than  in  the  lymphatic  glands.    Of  the  circulation 
of  the  lymph  in  these  glands,  I  can  only  affirm  that  the  finest 
branches  of  the  vasa  inferentia  are  seen  to  be  true  vessels,  O'ooö 
to  0-0 1'"  broad,  of  the  structure  of  the  larger  capillaries  of  the 
blood-vascular  system;  on  microscopical  investigation  of  the  cor- 
tex they  not  unfrequently  come  to  view,  and  are  readily  dis- 
tinguished from  the  blood-vessels  by  the  colourless  cells  filling 
them     Again,  I  have  satisfied  myself  that  the  alveoli  contam  no 
lymphatic  vessels;  and  lastly,  that  the  numerous  cells  and  nuclei 
contained  in  them  do  undoubtedly  lie  free  in  the  mesh-work. 
Now  if  we  also  take  into  account  the  results  of  injections,  1  think 
we  shall  be  warranted  in  assuming,  that  the  vasa  inferentia  m  man, 
after  they  have  become  attenuated  to  the  size  mentioned,  open 
freely  into  the  spongy  tissue  of  the  alveoli;  and  that  this  tissue, 
from  its  possessing  no  trace  of  epithelial  lining  in  its  spaces,  is  to 
be  regarded  as  a  true  lacunar  system.  ^ 
On  the  relation  of  the  spongy  tissue  of  the  cortex  to  the  m- 
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ferent  lymphatic  vessels.  I  would  .further  remark,  that  all  our 
knowledge  of  this  subject  leads  us  to  regard  the  outermost  and 
most  sharply  defined  alveoli  as  being  less  frequently  and  less 
directly  connected  with  the  vasa  inferentia,  than  those  which  are 
situated  in  the  more  internal  parts  of  the  medulla.  At  least  in 
the  mesenteric  glands,  both  of  man  and  animals,  at  the  period  of 
absorption,  when  all  the  inferent  vessels  contain  a  whitish  juice, 
the  outermost  alveoli  are  seen  not  to  be  milk-white,  but  of  their 
ordinary  grey  colour,  while  the  ioner  parts  are  frequently  whitish 
throughout.  To  this  condition,  however,  more  recent  observations 
have  taught  me  that  there  are  exceptions,  for  I  have  seen  two 
cases  in  man,  in  which  the  mesenteric  glands  were  coloured  milk- 
white  quite  equally  on  the  surface  and  medulla,  the  colour  being 
in  patches  of  various  sizes.  When,  moreover,  it  is  considered,  that 
in  injections  of  the  vasa  inferentia,  even  the  outermost  alveoli 
become  filled,  we  cannot  resist  the  assumption,  that  they  do  really 
communicate  with  those  vessels. 

It  is  relatively  easy  to  follow  Fig.  209. 

the  lymphatic  vessels  in  the  me-  ^y..^'^:^\Jf~ 
duUary  substance.     Even  with  /^VQ;; 
the  naked  eye,  sections  of  this      ^  ' 
substance  exhibit,  besides  blood- 
vessels,  a   spongy  tissue,  from 
which,  in  the  fresh  gland,  we 
may  readily  press  out  small  drops 
of  fluid,  which  is  either  milky  or 

serous,    according    as    the     gland  Transverse  section  of  the  mesenteric  gland 

°  of  the  ox,  magnified  8  times,   a.  liihis  of  the 

COntamS     chyle    or    lymph.       in-  gland;  6.  medullary  substance,  with  fine  net- 

.                  „  works  of  lymphatic  vessels ;  c.  cortical  suh- 

jectlOnS,     too,     particularly    irom  stance.withindlstinctalveoli;  tZ.  envelope  of  the 

the  vasa  efierentia,  or  fine  sec- 

tions  microscopically  examined,  distinctly  show  that  the  medul- 
lary substance  consists  for  the  most  part  of  a  dense  plexus  of 
coarser  and  finer  lymphatics,  which,  at  least  in  the  number  of 
of  their  anastomoses,  resemble  the  vascular  system  of  the  corpora 
cavernosa.  This  spongy  tissue,  however,  is  very  essentially  dis- 
tinguished from  that  of  the  sexual  organs,  by  the  circumstance 
that  the  lymphatics  composing  it  are  all  provided  with  special 
coats,  and  can  even  be  isolated,  at  least  in  part,  from  the  stroma 
of  connective  tissue  which  supports  them.  The  more  intimate 
condition  of  the  lymphatic  plexus  of  the  medullary  substance  is  as 
follows :  Emerging  everywhere  in  great  numbers  from  the  inner 
parts  of  the  cortex,  fine  lymphatic  vessels  enter  the  medulla,  and 
immediatelv  anastomose  freely  with    each   other,  and  become 
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gradually  wider  and  wider  in  their  course  towards  the  centre, 
and  towards  the  hilus  of  the  gland.     Here  they  unite  with 
each  other  by  degrees  to  form  the  wide  vas  lymphaticum  ef- 
ferens,  which  is  either  single  or  multiple.     This  vessel,  accord- 
ingly, is  not  related  to  the  glandular  parenchyma  at  all  in  the 
same  way  as  the  vasa  alferentia,  as  has  hitherto  been  universally 
assumed";  indeed  it  has  nothing  to  do  with  the  cortical  substance, 
and  in  all  the  larger  glands  with  a  well-formed  hilus,  it  passes 
directly  from  the  hilus  without  ever  coming  in  contact  with  the 
cortical  substance.    The  course  of  the  chyle-vessels  in  a  lymphatic 
gland  is,  therefore,  the  following  :  The  vasa  efferentia  pass  from 
many  peripheral  points  to  the  convex  side  of  the  gland,  and, 
entering  the  cortical  substance,  pass  into  the  lacunar  system  of  the 
alveoli,  the  spaces  of  which  are  to  be  regarded  as  the  continuation 
of  the  vessels.    Thence,  provided  anew  with  walls,  the  lymphatics 
pass  into  the  medullary  substance,  and  here  produce  a  rich  plexus, 
from  which,  lastly,  one  or  more  vasa  efferentia  emerge,  and  leave 
the  gland  directly  through  the  hilus.—With  regard  to  the  structure 
and  ividth  of  the  vessels  of  the  medullary  substance,  it  is  still  to 
be  remarked,  that  they  all  possess  an  epithelium  of  elongated 
cells,  a  distinct  tunica  intima,  consisting  of  connective  tissue  with 
interspersed  nuclei  (plasmatic  cells?).    The  tunica  media  of  the 
lymphatics  is  here  composed  of  smooth  muscular  fibres,  which  are 
easily  recognised,  and  appear  to  have  an  exclusively  transverse 
direction  :   the  tunica  adventitia  is  replaced  by  the  connective 
tissue,  which  forms  the  stroma  of  the  medullary  substance.  In 
microscopical  sections,  these  vessels  are  very  easily  distinguished 
from  the  arteries  of  the  medulla  by  the  absence  of  the  elastic 
inner  coat,  and  the  slighter  development  of  the  muscular  fibres ; 
while  the  veins,  even  down  to  the  fine  twigs,  are  characterised  by 
an  abundant  intermixture  of  fine  elastic  fibrils,  which  are  totally 
absent  even  in  the  large  lymphatic  vessels  of  the  medulla.— The 
width  of  the  lymphatics  of  the  medulla  varies  from       to  i  j 
close  at  the  origin  of  the  vasa  efferentia  they  measure  only  ^i/'', 
or  even  ^J/',  and  this  small  diameter  is  maintained  as  the 
vessels  approach  the  cortex. 

The  arteries  of  the  lymphatic  glands  are  mostly  multiple.  The 
largest  always  passes  through  the  hilus  into  the  interior  of  the 
gland,  and  is  frequently  joined  by  others  which  run  to  the  medulla, 
either  alone  or  by  the  side  of  small  vasa  efferentia,  which  leave  the 
gland  at  other  depressed  spots  resembling  hiluses.  In  the  medulla, 
a  coarser  ramification  of  these  vessels  is  formed  by  all  the  main 
branches  of  them  proceeding  to  the  several  parts  of  the  cortex, 
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while  a  very  spare  capillary  network  of  separate  scanty  twigs  is 
alone  found  around  the  medullary  lymphatic  vessels.  It  is  in  the 
cortex  that  the  proper  terminal  ramification  of  the  arteries  takes 
place.  Here  the  vessels,  after  leaving  the  medulla,  first  run  in  the 
partitions  of  connective  tissue  between  the  alveoli,  and  then,  pene- 
trating into  their  interior,  produce  a  rich  capillary  network,  with 
relatively  wide  meshes,  in  the  delicate  trabecular  network  con- 
tained in  them  :  in  the  formation  of  this  plexus,  at  least  in  large 
glands,  numerous  other  small  arteries  are  concerned,  which  enter 
the  cortex  directly  from  without.  The  veins  present,  upon  the 
whole,  the  same  condition  as  the  arteries,  only  their  trunks  are 
less  numerous,  and  are  frequently  limited  to  a  single  large  vessel 
emerging  from  the  hilus.  The  width  of  this  vein  is  remarkable, 
and  it  often  reaches  a  diameter  double  that  of  the  corresponding 
arterial  trunk. 

The  lymphatic  glands,  at  least  the  large  ones,  I  have  found  to 
possess  habitually  some  fine  nerves,  with  fine  primitive  fibres  : 
they  enter  along  with  the  arteries,  and  are  lost  to  view  in  the 
medulla.  The  ganglia  mentioned  by  Schaffner  (Zeitschr.  f.  rat. 
Med.  vii.177),  in  the  lymphatic  glands,  I  have  not  yet  seen,  nor  is 
the  description  of  them  by  this  author  exactly  of  the  kind  to 
awaken  much  confidence. 

In  conclusion,  to  sum  up  the  anatomical  condition  of  the 
lymphatic  glands,  we  may  state  :  that  they  are  not  to  be  in  any 
case  regarded  simply  as  a  plexus,  however  dense,  of  lymphatic 
vessels.  The  sharp  limitation  of  the  organ,  its  special  investment, 
the  abundant  stroma  of  connective  tissue  traversing  it,  and  the 
numerous  blood-vessels  which  supply  it,  are  circumstances  which 
even  taken  by  themselves,  would  give  to  the  gland  a  claim  to  a 
special  position  of  its  own,  even  if  the  lymphatic  vessels  in  the 
interior  were  simply  connected  with  each  other  after  the  manner 
of  a  rete  mirabile.  But  when  we  find  that  these,  although  ar- 
ranged in  the  medulla  after  the  manner  of  an  ordinary  plexus, 
yet  present  in  the  cortical  substance  quite  a  peculiar  condition, 
such  as  is  nowhere  found  in  the  most  complicated  vascular  coils, 
it  is  certainly  warrantable  to  regard  the  lymphatic  glands  as  organs 
sui  generis,  and  not  as  a  plexus  of  lymphatic  vessels.  The  pecu- 
liarity of  the  cortical  substance  is  owing  to  two  circumstances, 
first,  that  the  lymphatic  vessels  here  lose  their  special  walls,  and 
are  replaced  by  a  system  of  freely  communicating  lacunae;  and 
secondly,  that  the  fibrous  and  trabecular  tissue  forming  these 
lacuna,  is  traversed  by  numerous  blood-capillaries.  In  other  words, 
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the  lympli  or  tlie  chyle  in  tlie  alveoli  of  the  cortical  substance, 
flows  free  through  a  meshwork  formed  by  blood-vessels  and  their 
supporting  connective  tissue,  so  that  the  chyle  and  blood  enter 
into  a  much  more  intimate  mutual  action  than  in  any  other  part, 
the  blood-vessels  giving  off  materials  to  the  chyle,  and  probably 
taking  up  in  return  other  substances  from  it.  The  great  retarda- 
tion of  the  chyle,  moreover,  which  must  necessarily  take  place  in 
the  meshwork  of  the  cortex,  may  allow  of  the  substances  separated 
from  the  blood-vessels  becoming  further  organised,  even  within  the 
cortex ;  and  this  appears  to  me  to  constitute  an  additional  reason 
for  regarding  the  structural  conditions  of  the  organs  as  truly 
'  glandular,'  and  therefore  their  designation  of  lymphatic  glands 
may  be  very  properly  retained. 

A  critical  examination  of  the  recent  statements  of  Lnchvig,  Noll,  Gcrlach, 
Brücke  and  Dondcrs,  on  the  structure  of  the  lymphatic  glands,  will  be  found 
in  my  3ficr.  Anat.  il,  2,  pp.  539— 544- 

With  regard  to  the  physiological  condition  of  the  lymphatic  glands,  I  may 
append  the  following  remarks.  Belonging  to  the  same  series  as  the  '  vascular 
glands,'  we  have  so  recently  become  acquainted  with  the  true  structure  of 
the  lymphatic  glands,  that  w^e  are  scarcely  yet  in  a  position  to  form  reliable 
hypotheses  as  to  their  function.    I  shall  state  in  brief  what  I  venture  to 
regard  as  the  most  important  point  in  their  physiology.    The  chief  function 
of  the  lymphatic  glands  appears  to  be  the  formation  in  them  of  the  great 
majority  of  the  chyle  and  lymph-corpuscles.    It  is  a  long  known  fact,  that 
the  chyle  beyond  the  glands  towards  the  thoracic  duct,  is  richer  in  cell- 
elements  than  in  the  lymphatic  vessels  between  their  origin  and  their 
glands  •  and  it  has,  accordingly,  been  supposed  by  many  writers,  that  the 
glands  have  an  influence  in  the  production  of  these  cells  ;  but  no  one  has 
ventured  to  lay  stress  upon  this  circumstance,  because  it  has  been  hitherto 
impossible  to  give  precise  information  as  to  the  manner  and  locahty  of  their 
origin.    But  the  significance  of  the  lymphatic  glands  in  the  process  of  blood- 
formation  was  much  confirmed,  when,  some  years  ago,  ViroJiow  gave  to  the 
world  his  excellent  treatises  on  Leucsemia,  and  brought  forward  cases  where 
an  increase  of  the  colourless  elements  of  the  blood  was  met  with  as  a  coin- 
cidence of  simple  hypertrophy  of  the  lymphatic  glands  {Arch.  1,  1^.  571). 
Since  that  time,  this  important  function  of  the  glands  has  obtained  wider 
recognition,  and  has  been  confirmed  and  illustrated  by  various  authors 
(Ben7iet  and  others).    StiU  the  anatomical  relations  of  parts  in  the  normal 
gland  had  not  been  demonstrated,  so  that  VireJww's  hypothesis,  that  the 
lymphatic  glands  were  the  seat  of  a  process  of  blood-formation,  though  it 
threw  much  light  on  his  cases,  yet  was  not  supported  on  a  firm  physiological 
basis.    Such  anatomical  proof,  however,  has  now  been  given  ;  and  supported 
upon  it,  Brücke,  Bonders  and  myself  have  expressed  ourselves  unanimously 
in  favour  of  the  hypothesis,  that  the  elements  of  the  lymphatic  glands  go 
over  into  the  chyle  and  lymph.    Having  regard  to  all  the  facts  mentioned 
in  this  paragraph,  I  am  of  opinion  that  the  tissue  of  the  cortical  substance  is 
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to  be  regarded  as  the  proper  place  of  formation  of  the  lymph-corpuscles, 
though  I  do  not  mean  to  deny  that  similar  processes  may  take  x)lace  in  the 
medulla  also.  In  the  alveoli  of  the  cortex,  with  their  peculiar  anatomical 
arrangements,  the  entering  lymph  comes  most  intimately  into  contact  with 
the  numerous  blood-vessels.  Now  since  the  pressure  to  which  the  blood  is 
subjected  is,  in  any  case,  much  more  considerable  than  that  which  is  exerted 
upon  the  lymph,  many  constituents  of  the  blood  will  pass  out  here  into  the 
lymphatic  lacunte  and  mingle  with  the  lymph;  and  as  the  lymph  in  this 
lacunar  system  is  meanwhile  moving  very  slowly,  every  opportunity  is  given 
for  the  formation  of  cells.  The  exudation  from  the  blood-vessels  obviously 
plays  a  much  more  important  part  in  this  process,  than  the  slow  movement 
of  the  juice  itself,  and  I  am  of  opinion,  that  if  the  former  were  removed  the 
multiplication  of  the  lymph-corpuscles  in  the  glands  would  not  be  consider- 
able. For  when  we  consider  that  the  lymph  from  vessels  which  have  not 
passed  through  glands  is  always  very  poor  in  corpuscles,  no  matter  whether 
it  has  gone  over  a  short  or  long  distance  ;  and  again,  that  the  lymph  of 
those  vertebrate  animals  which  possess  only  a  few  isolated  lymphatic  glands, 
or  none  at  all,  is  very  poor  in  cells,  we  shall  arrive  at  the  conviction,  that 
the  lymph  is  of  itself  but  little  capable  of  organisation,  even  when  it  has 
gone  over  a  considerable  distance,  and  that  the  formation  of  the  colourless 
cells  in  the  lymphatic  glands  is  chiefly  dependent  upon  the  transuding  con- 
stituents of  the  blood.  The  processes,  therefore,  in  the  lymphatic  glands 
may  more  correctly  be  expressed  by  saying  that  a  continual  exudation  of 
certain  constituents  of  the  blood  takes  place  from  the  blood-vessels  into  the 
lymphatic  lacunae,  and  from  this  there  results  an  abundant  formation  of 
cells  which  fill  the  lacunse.  The  entering  lymph  with  its  scanty  cells  now 
become  mingled  with  the  corpuscles  produced  in  the  gland,  and  flowing  through 
the  cortex  into  the  medulla  and  vasa  efferentia,  takes  with  it  a  part  of  the 
cells  formed  in  the  cortical  spaces  ;  and  these  cells  are  continually  repro- 
duced. This  would  appear  to  be  the  more  correct  account,  because  we  cannot 
imagine  that  the  whole  mass  of  cells  of  the  cortical  alveoli  moves  onwards 
with  the  same  celerity  as  the  entering  chyle,  for  in  that  case  the  vasa 
efferentia  must  contain  far  more  cells  than  they  actually  do.  From  this 
statement  it  will  be  seen,  that  I  regard  the  contents  of  the  alveoli  as  being 
for  the  most  part  independent  of  the  entering  lymph  for  their  formation  ; 
and  if  these  contents  are  not  stationary,  yet  at  least  they  are  not  so  varying 
in  their  condition  as  the  lymph  in  the  afferent  vessels  :  so  that,  even  from 
a  physiological  point  of  view,  it  appears  wholly  incorrect  to  consider  the 
lymphatic  glands  as  being  merely  plexuses  of  lymphatic  vessels. 

The  lymphatic  glands  are  subject  to  numerous  degenerations.  The  most 
frequent  are  effusions  of  blood  into  the  alveoli,  or  pigm.entary  deposits  as  the 
result  of  these,  which  may  advance  so  far  that  the  glands  become  reddish- 
brown  or  even  black,  the  bronchial  glands  especially.  They  are  also  subject 
to  thickening  of  their  envelope  and  of  the  internal  septa,  to  depositions  of 
fat  in  their  blood-vessels,  to  hypertrophy  with  uniform  increase  of  all  their 
parts  ;  and  lastly,  they  are  the  seat  of  Uibercle  and  cancer. 
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lY.  Of  the  Blood  and  the  Lymph. 

^219  All  the  divisions  of  the  vascular  system  contain  in  their 
cavities  a  special  liquid,  which  consists  of  a  fluid  portion  contam- 
ing  numerous  morphological  particles.  Accordmg  to  the  colour 
of  this  liquid,  its  occurrence  in  one  or  another  section  of  the 
vascular  system  and  its  other  properties,  it  is  distinguished  into 
ivhite  and  red  blood;  in  other  words,  into  lymph  or  chyle  on  the 
one  hand  and  blood  in  the  stricter  sense  on  the  other.  Upon 
Histoloo-/  devolves  only  the  description  of  the  elementary  forms 
existing^'in  these  fluids,  among  which  the  blood  and  lymph-corpus- 
cles are  by  far  the  most  important.  The  description  of  the  other 
conditions  must  be  left  to  Physiology. 

^  220  The  Lymph  and  the  Chyle  consist,  like  the  blood,  of  a 
plasma,  which  coagulates  on  leaving  the  vessels,  and  of  morpholo- 
..ical  elements ;  viz.,  of  elementary  granules,  nuclei,  colourless  cells, 
and  red  blood-corpuscles  :  all  these  elements,  however,  are  not  to 
be  found  in  all  parts  of  the  lymphatic  vascular  system,  and  not 
evervwhere  in  equal  numbers.  The  elementary  granules  are  im- 
measurably fine  granules,  which,  as  B.  Müller  has  shown,  consist 
.  of  fat  and  an  envelope  of  protein,  ihey 

Fig.  210.  .       -,     ,  1 

are  contained  111  enormous  numbers 
in  the  milk-white  chyle,  in  which  they 
alone  produce  the  characteristic  colour ; 
while,  in  the  more  colourless  lymph, 
they  are  either  totally  absent  or  appear 
|m  only  in  small  numbers,  and  isolated, 
/jp  W   The  nuclei  are  of  o-ooi'"  to  0-002"'  in 

"^'^  size,  and  more  homogeneous  in  ap- 

pearance; they  often  have  a  vesicular 
JltSs'^^J^lA  aspect,  becoming  granular  on  the  ad- 

^"S^l^S^J^uT^l    dition  of  water.     According  to  my 

^^^^  ^^^^^^  observations,  these  nuclei 

cell  witli  indistinct  nucleus.  bcloug  to  Small  Cclls,  and  Ouly  bc- 

come  free  through  the  bursting  of  these  cells  on  the  addition  of 
water.  The  colourless  cells,  the  chyle  and  lymph-corpuscles  of  au- 
thors, occur  almost  everywhere  in  the  system  of  lymphatic  vessels 
in  considerable  numbers,  and  completely  agree  with  each  other  in 
the  chyle  and  in  the  lymph.    They  are  round  cells,  measuring  from 
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0*0025'"  0-0055'"  in  size^  and  wlien  examined  in  their  native  fluid, 
appear  homogeneous  or  granular^  and  contain  a  homogeneous  nu- 
cleus, generally  indistinct,  but  slightly  shining.  The  addition  of 
water  changes  their  appearance,  the  nucleus  and  other  contents  be- 
coming turbid  from  the  deposition  of  a  granular  precipitate ;  they 
are  rendered  quite  transparent  and  pale  by  acetic  acid,  and  their 
nucleus  is  then  seen  very  distinctly,  diminished  in  size  and 
strongly  granular  in  appearance:  or  they  even  burst  and  discharge 
their  contents,  and  this  change  is  frequently  also  effected  ])y  water, 
particularly  in  the  smaller  cells,  a  transudation  of  clear  drops  of 
albumen  having  previously  taken  place.  As  the  lymph-cells  are 
spherical,  dilute  solutions  occasion  no  very  perceptible  alterations 
of  form ;  but,  on  the  other  hand,  evaporation  of  the  fluid  and 
concentrated  solutions  produce  a  considerable  diminution  in  their 
bulk,  and  frequently  also  give  them  a  dentated  appearance  (fig. 
210,  a).  The  remarkable  phenomena  of  contraction  in  the  white 
corpuscles,  in  consequence  of  which  they  assume  various  toothed 
forms  up  to  an  actually  stellate  form,  were  first  indicated  by 
Wharton  Jones  (see  §  15)  j  and  it  is  now  pretty  generally  be- 
lieved that  these  appearances  belong  to  the  cells  as  living 
organisms. 

The  size,  number  and  form  of  the  lymph-corpuscles  is  some- 
what difi'erent  in  diff'erent  places.  In  the  commencements  of 
the  chyle- vessels  (which  are  particularly  well  adapted  for  such 
investigations),  and  in  the  mesenteric  lymphatics  before  they 
enter  the  lymphatic  glands,  the  chyle  contains  but  few  chyle- 
corpuscles,  and,  in  the  smallest  mesenteric  vessels,  which  we  are 
able  to  see  there,  are  frequently  quite  absent.  In  the  larger 
trunks,  however,  they  are  always  present;  and  here  they  generally 
appear  as  small  corpuscles,  measuring  o'002"'  to  0-003'"  di- 
ameter, with  an  envelope  which  closely  surrounds  the  small 
nucleus,  and  often  appear  in  the  act  of  development,  as  if  by  the 
apposition  of  granules.  After  the  chyle  has  passed  through  the 
mesenteric  glands,  the  cells  are  more  numerous  and  larger,  so 
that,  in  the  chyle-vessels  at  the  root  of  the  mesentery  (as  well  as 
in  the  larger  lymphatic  trunks),  numerous  larger  cells  are  found, 
measuring  up  to  0-0055"',  along  with  smaller  ones  of  the  same 
kind  as  those  just  described.  Simultaneously  with  this  increase 
in  size  and  number,  a  more  or  less  distinct  multiplication  of  the 
lymph-corpuscles  by  a  process  of  partition  is  seen  to  take  place, 
at  least  in  dogs,  cats  and  rabbits.  This  is  efl'ected  by  the  larger 
cells  becoming  elongated,  reaching  o-oo6"'  and  o*oo8'''  in  diameter, 
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and  tlien,  after  partition  of  tlie  nucleus,  breaking  up  into  two 
parts  by  a  circular  middle  constriction.    This  process  is  almost 
entirely  absent  in  tbe  thoracic  duct,  and  the  larger  cells,  0-004 
to  0-0055'^  are  accordingly  scanty  in  this  situation.    The  great 
majority  of  the  cells  in  this  duct,  at  least  in  animals,  are  always 
larger  than  the  blood-cells  (0-0025'"  to  0-0035''') ;  while,  on  the 
otlier  hand,  in  man,  as  they  were  observed  by  Virchoiv  and  myselt 
in  an  executed  criminal,  they  were  invariably  smaller  (0-002  on 
an  average).    The  nuclei  of  these  lymph-corpuscles,  whicb  are 
imperfectly  seen  without  the  addition  of  acetic  acid,  were  found  m 
this  case  to  be  mostly  simple  and  round,  occasionally  also  notched, 
or  shaped  like  a  horse-shoe,  or  like  a  biscuit;  they  were  very 
rarely  truly  multiple.    In  the  lower  mammalia,  cells  with  nuclei 
breaking  up  by  means  of  acetic  acid,  or  constricted  and  multiple 
from  their  origin,  are  very  rare,  apart  from  those  in  the  act  of 
dividing,  yet  they  are  occasionally  found  (divided  into  three  to 
five  parts),  and  sometimes  in  large  numbers. 

I  have  not  yet  observed  red  blood-corpuscles  in  normal  human 
chyle;  but  it  is  to  be  noticed  that  they  are  almost  always  found 
in  small  numbers  in  the  thoracic  duct  of  animals,  and  also  occa- 
sionally in  the  lymph  of  certain  organs,  as  the  spleen.    Since  they 
do  not  exhibit*  the  sUghtest  trace  of  development  within  the 
lymphatic  vessels,  I  regard  them  as  elements  which  have  escaped 
from  the  blood-vessels.    So  long  as  no  direct  communication  of 
the  two  vascular  systems  in  the  peripheral  parts  is  demonstrated, 
I  am  of  opinion,  that  this  passage  is  effected  only  accidentally 
in  consequence  of  ruptures  of  fine  vessels,  a  circumstance  which 
can  be  easily  understood  to  take  place  in  the  peculiar  structure  of 
certain  organs,  such  as  tlie  spleen  and  lymphatic  glands.  Indeed, 
as  I  have  shown  in  tadpoles,  this  accidental  passage  may  actually 
be  directly  observed.— I  may,  however,  remark,  that  I  have  not 
unfrequently  found  in  the  chyle  of  the  larger  vessels,  round 
cjranular  cells  of  a  brown  colour,  0-004.'"  to  0-005'",  which  entirely 
correspond  with  those  to  be  presently  described  as  resulting  from 
the  blood,  and  which  probably  come  from  the  lymphatic  glands. 

From  the  facts  before  mentioned,  and  from  the  statements  of 
§  218,  it  cannot  be  considered  doubtful  that  the  lymph-corpuscles 
have  their  origin  chiefly  from  the  lymphatic  glands,  in  which  they 
are  being  constantly  reproduced  by  a  progressive  multiplication  of 
the  cells  of  the  alveoli,  in  proportion  as  they  are  carried  ofl:^  by  the 
efferent  vessels.  As  for  the  cells  in  the  commencement  of  the 
vessels,  we  may  agree  with  Brücke  in  ascribing  their  origin,  in  the 
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intestine  at  least,  to  the  glandular  follicles  of  this  part,  the  solitary 
glands  and  the  glands  of  Peyer  :  in  favour  of  this  belief  may  be 
stated  the  circumstance  observed  by  myself,  that  the  chyle-vessels 
coming  from  Feyers  patches  are  more  abundantly  provided  with 
cells.    Lymphatic  vessels  which  have  no  connexion  with  glands, 
either  contain  no  cells  at  all,  according  to  my  observations  (lym- 
phatics of  dog's  liver  and  tadpole's  tail),  or  only  a  very  few, 
as  the  lymphatics  of  the  spermatic  cord  of  the  ox,  and  those  of 
the  surface  of  the  spleen.    In  such  cases  as  the  last,  unless  we  are 
content  to  beheve  in  a  free  production  of  cells,  a  hypothesis  which 
has  been  shown  in  the  general  part  of  this  work  to  be  untenable, 
we  can  only  regard  the  scanty  lymph-corpuscles  as  being  the 
epithelial  cells  of  the  smaller  vessels,  which  give  rise  to  the  ap- 
pearance of  morphological  elements  in  the  lymph,  either  by  a 
normal  multiplication  or  by  an  accidental  partition  of  their  cells. 
A  similar  process  of  formation  of  lymph-corpuscles  must  explain 
the  multiplication  of  the  cells,  which  is  occasionally  witnessed  in  the 
lymphatic  vessels  between  the  glands  and  the  thoracic  duct.  The 
entire  mass  of  corpuscles  existing  in  the  lymph,  compared  with  that 
of  the  blood-corpuscles  in  the  blood,  is  very  inconsiderable;  not  only 
in  the  medium-sized  and  smaller  trunks  of  the  lymphatic  vessels, 
but  even  in  the  thoracic  duct  their  numbers  do  not  approach  in 
the  remotest  degree  to  those  of  the  blood,  as  even  in  this  situation 
all  the  elements  of  the  lymph  can  be  inspected  without  dilution. 
Accurate  enumerations  have,  however,  not  yet  been  made ;  and  it 
can  only  be  stated,  that  here,  too,  a  considerable  variation  exists, 
and  that  a  milk-white  chyle  is  not  always  rich  in  corpuscles. 

§  221.  Of  the  Blood.~T\ie  blood,  so  long  as  it  circulates  in  the 
vessels,  is  a  slightly  glutinous  fluid  in  which  only  two  elements 
are  to  be  distinguished,  the  blood-corpuscles,  blood-globules,  or 
blood-cells,  chiefly  red  but  partly  colourless  {corpusciila  s.  glohuli 
s.  cellul(E  sanguinis),  and  the  colourless  fluid  portion,  the  liquor 
s.  plasma  sanguinis.  After  it  has  left  the  circulation,  the  blood 
generally  coagulates  completely  by  the  solidification  of  the  fibrine 
dissolved  in  its  plasma,  and  afterwards  separates  by  the  contrac- 
tion of  the  coagulated  fibrine  into  a  solid  and  liquid  portion, 
the  crassamentum  and  the  serurn.  The  former  is  intensely  red, 
and  contains,  besides  the  fibrine,  almost  all  the  coloured,  and  the 
majority  of  the  colourless  blood-globules,  with  some  of  the  con- 
stituents of  the  plasma  which  remain  in  solution;  while  the 
remainder  of  this  plasma,  together  with  some  colourless  blood- 


RED  BLOOD-CORPUSCLES.  [sECT.  221. 

corpuscles,  forms  the  serum.  In  certain  cases,  wliicli  in  the  human 
subject  occur  especially  in  diseases,  the  coloured  globules  sunk 
more  or  less  below  the  surface  of  the  fluid  before  coagulation  takes 
Fig.  211.  place,  and  then  the  crassamentum  has  a 

superficial  colourless  or  whitish  stratum 
(crusta  phlogistica),  which  consists  only  of 
coagulated  fibrine  and  colourless  blood- 
cells,  together  with  the  fluid  saturating 
them. 

The  coloured  or  red  blood-globules, 
also  called  merely  hlood-globules,  which 
frSrrt^''S:ct''ftom'Te  alouc  couvcy  the  red  colouring  matter  of 
S!iLrcd^"s?fir?ci™t"wale?;  the  blood,  aro  Small,  non-nucleated  ceUs, 
äo'oÄ- sifruSr^y^Vvf:  of  the  form  of  flattened  lenses,  and  are 
poration.  Contained  in  the  blood  in  such  enormous 

numbers,  that  we  cannot  readily  investigate  their  minute  characters 
without  dilution,  and  they  appear,  so  to  speak,  to  constitute  the 
entire  mass  of  the  blood.    Important  as  it  might  be  to  know  the 
proportion  of  the  blood-globules  to  the  plasma,  and  their  exact 
number  and  volume,  yet  all  our  investigations  have  been  frus- 
trated, till  a  short  time  ago,  by  the  difiiculty  of  the  subject. 
Even  now  the  statements  of  Schmidt,  according  to  which  forty- 
seven  to  fifty-four  parts  of  moist  blood-globules  are  contained  in 
one  hundred  parts  of  human  blood,  can  only  be  designated  as 
approximative.    There  is  only  one  method  that  is  suited  for  the 
attainment  of  this  object,  namely,  the  direct  enumeration  of  the 
blood-globules  in  accurately  determined  quantities  of  a  given 
specimen  of  blood ;  and  with  this  we  need  to  determine  as  accu- 
rately as  possible,  the  volume  of  the  individual  blood-corpuscles 
(Fzerorc^O,  but  hitherto  the  first  point  only  has  been  practically 
carried  out.     Vierordt,  the  meritorious  deviser  of  this  method, 
counted  in  his  own  blood  5.055.ooo  blood-cells  in  i  cub.  mil- 
limetre ;  Welcher,  who  somewhat  modified  Vierordfs  proceeding, 
enumerated  as  an  average,  5,000,000  in  the  male,  4,500,000  in 
women.    In  the  latter  sex,  however,  it  appears  that  the  number  is 
still  further  reduced  during  pregnancy,  and  in  suppression  of  the 
menses.    These  variations  may  be  easily  understood,  and  the  more 
so,  as  Vierordt  has  lately  shown  {Arch.  f.  Physiol.  Heilt,  xiii., 
p.  260),  that  in  animals  the  number  of  the  blood-cells  varies  in  the 
ratio  of  even  one  to  three. 

The  red  blood-globules,  when  examined  individually,  present  the 
following  structure :  Their  form  is  mostly  that  of  a  bi-concave  or 
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flat  circular  disc,  with  rounded  margins,  and  they  accordingly 
appear  to  the  observer  to  vary  in  shape  according  as  their  surfaces 
or  their  sides  are  directed  towards  him.    In  the  former  case,  they 
are  pale-yellow,  circular  corpuscles,  which  almost  always  have  a 
slight  central  depression,  and  this  sometimes  has  the  aspect  of 
a  clear  central  spot,  sometimes  of  a  dark  central  body,  according 
as  the  corpuscle  is  in  or  out  of  the  focus  of  the  microscope ;  the 
appearance  in  the  latter  case  is  apt  to  be  confounded  with  that  of 
a  nucleus.    When  seen  from  the  side,  however,  the  blood-corpus- 
cles show  themselves  as  dark  rod-shaped  structures,  of  the  form  of 
an  elongated  narrow  ellipse,  or  like  a  biscuit  seen  edgewise.  With 
regard  to  their  intimate  structure,  every  blood-globule  consists  of 
a  very  dehcate,  yet  tolerably  firm  and  elastic,  colourless  cell- 
membrane,  composed  chemically  of  a  protein  substance  nearly 
allied  to  fibrine  :  contained  in  this  envelope  is  a  viscid  coloured 
substance,  which  in  the  separate  blood- globules  appears  yellow, 
and  is  composed  principally  of  globuline  and  heematine.    In  the 
adult,  the  contents  of  the  blood-globule  present  no  trace  of  mor~ 
phological  particles,  of  granules,  or  of  a  cell-nucleusj  they  are 
accordingly  true  vesicles,  and  on  this  account,  as  well  as  from 
their  shape  not  being  globular,  the  name  of  ^blood-cells'  is  to 
be  preferred.     The  elasticity,  softness,  and  pliability  of  their 
envelope  is  so  considerable,  that  they  are  enabled  to  accommodate 
themselves  to  vessels  which  are  narrower  than  their  own  diameter  ; 
and  for  the  same  reason,  when  they  are  elongated,  flattened,  or 
otherwise  altered  in  form  by  pressure  under  the  microscope,  they 
are  able  to  reassume  their  previous  shape.    The  blood-globules 
are  rendered  the  more  capable  of  adapting  themselves  to  the 
vessels,  by  the  fact  that  their  surface  is  quite  smooth  and  slippery, 
so  that  they  easily  glide  along  the  similarly-constructed  walls  of 
even  the  narrowest  capillaries. 

The  size  of  the  blood-globules  is  subject  to  alterations  in  dif- 
ferent individuals,  which  are  not  of  very  inconsiderable  amount, 
when  we  take  into  account  the  smallness  of  the  corpuscles  with 
which  we  have  to  do.  Their  average  breadth  is  0-0033'"  (-siro")> 
and  their  average  thickness,  0-00062"'.  These  dimensions  vary 
within  certain  limits,  but  it  appears  that  at  least  ninety-five  out  of 
every  hundred  corpuscles  are  of  the  same  size.  We  have  few  data 
as  to  their  alteration  in  size  under  different  circumstances  in  the 
same  individual,  but  Harting  states  that  their  average  dimensions 
are  less  after  a  full  meal  (by  about  0-0001 3'">  and  that  more 
remarkable  extremes  of  size  are  then  observed.— With  regard  to 
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the  number  of  the  blood-globules,  we  may  venture  to  draw  some 
general  conclusions  from  what  we  know  of  the  amount  of  solid 
constituents  in  them ;  that  they  are  present  in  larger  quantity 
in  the  male  than  in  the  female  sex ;  further,  that  after  repeated 
venesections,  and  after  prolonged  abstinence,  they  decrease  m 
number ;  and  that  in  certain  diseases,  as  chlorosis  and  ansemia, 
they  are  much  more  scanty  than  usual.— The  blood-globules,  com- 
pared with  the  other  constituents  of  the  blood,  are  heavier  than 
the  serum  and  the  plasma.    In  the  serum,  and  in  the  defibrinated 
blood,  they  form  a  red  sediment  on  standing,  while  in  the  plasma 
they  do  not  generally  sink  below  the  surface  of  the  fluid,  on 
account  of  its  quick  coagulation.    This  sinking  of  the  blood-cells, 
which  takes  place  more  slowly  or  more  quickly,  according  to  their 
own  density  and  to  that  of  the  fluid  in  which  they  are  suspended, 
may  be  promoted  by  their  mutual  cohesion,  which  is  especially 
observable  in  inflammatory  blood :  here,  owing  to  the  quick  pre- 
cipitation of  the  blood-cells,  a  part  of  the  blood  coagulates  colour- 
less ;  but  the  same  phenomenon  also  occurs  in  quite  healthy  blood, 
and,  indeed,  may  be  observed  very  constantly  in  the  small  drops 
which  come  from  slight  cuts  of  the  skin,  and  frequently  also  in 
the  blood  of  venesection.    In  such  cases,  the  blood -globules  are 
applied  to  each  other  by  their  flat  surfaces,  and  form,  as  it  were, 
little  columns  or  rouleaux,  at  the  side  of  which  other  similar 
rouleaux  may  be  applied,  so  that  very  complicated  branched 
figures  may  result,  or  even  a  system  of  networks  covering  the 
whole  field  of  the  microscope  (fig.  211,  c). 

Besides  the  coloured  elements,  a  certain  number  of  uncoloured 
particles  occur  in  the  blood.  These  are  of  two  kinds  :  elementary 
granules  of  a  fatty  nature,  and  real  cells.  The  former,  which 
completely  agree  with  the  fat  granules  of  the  chyle  (see  §  220), 
occur  to  a  very  variable  extent,  sometimes  being  entirely  absent 
or  in  very  small  numbers,  sometimes  in  larger,  or,  it  may  be,  in 
enormous  amount,  so  that  they  communicate  to  the  serum  a 
whitish  or  even  milk-white  colour.  From  all  that  we  know,  these 
must  be  present  every  time  fat  is  introduced  into  the  blood  by  the 
chyle ;  and,  therefore,  even  in  ordinary  alimentation  they  must 
enter  the  circulation  in  three  to  six  hours,  or  longer,  after  the 
taking  of  food ;  yet,  in  many  cases,  they  seem  to  disappear  in  the 
pulmonary  circulation;  at  any  rate  Nasse  (see  Wagner's  Handw, 
i.,p.  126)  and  others,  have  never  observed  them  in  the  systemic 
blood  of  healthy  people,  and  this  is  a  statement  which  I  can  con- 
firm as  regards  my  own  blood.    On  the  other  hand,  in  herbivora 


SECT.  221.] 


WHITE  BLOOD-CORPUSCLES. 


521 


and  in  sucking  animals,  and  in  the  goose,  the  occurrence  of  these 
molecules  appears  to  be  constant  :  in  pregnant  females  also,  and 
after  the  abundant  use  of  milk  or  brandy,  as  well  as  in  persons 
who  are  fasting  (in  consequence  of  the  absorbed  fat  of  the  body), 
these  fat  granules  appear  to  be  very  fre-  Fig-  212. 

quent,  if  not  a  constant  constituent  of  the  d 
blood. — The  colourless  cells  or  colourless         ^    igä  a 
hlood-corpusdes  come  from  the  chyle,  and     ^    W    W  Ä 
may,  therefore,  also  be  called  chyle  or     ^    ^         ^  W 
lymph-corpuscles  of  the  blood.    Some  of  ^  ^ 
them  have  but  one  nucleus,  and  com-  ^ 
pletely  agree  with  the  small  cellular  ele- 
ments of  the  chyle ;  others  have  several     coiouriess  biood-corpuscies,  or 

,  .        lymph-corpuscles  of  the  blood,  a,  h. 

nuclei,  and  measure  as  much  as  0*005      m     smaller  cells,  such  as  also  occur  in 
,  .        ,  .  ,  the  thoracic  duct,  seen  from  the 

average  size ;  and  m  this  case  tney  gene-   surface  (a),  and  on  the  side  (&) ; 

-  ,      ,  -,  -,  ,        c,c.  the  same  with  a  visible  nucleus; 

rally  bear  such  a  marked  resemblance  to        large  ceiis  originally  with  mui- 

.  ,  „  xii-'j.*         'i-     '  tipl6  nuclei;  e.  e.  the  same  after 

the  corpuscles  01  pus,  tnat  it  is  quite  im-     the  action  of  acetic  acid,  with  break- 
,      -,.  •  1    ,1       ,  ,        L  ing  down  or  broken  down  nucleus. 

possible  to  distinguish  the  two  structures 

from  each  other.    The  larger  corpuscles  are  rarely  so  granular  as 
the  smaller,  being  usually  pretty  homogeneous,  and  their  contents 
are  frequently  so  transparent  that  their  two  or  three  roundish  small 
nuclei  can  be  seen  without  further  trouble.    If  this  is  not  the 
case,  acetic  acid  or  water  brings  the  nuclei  distinctly  into  view  by 
rendering  the  contents  clear ;  and  in  this  case,  the  contents  occa- 
sionally pass  out  of  the  bursting  cells  in  the  form  of  drops ;  at  the 
same  time,  especially  when  acetic  acid  is  used,  the  nuclei  often 
break  up  to  a  further  extent,  and  become  converted  into  irregularly 
notched  and  constricted  bodies,  or  even  become  resolved  into  a 
greater  number,  four,  five,  six,  or  more,  of  small  granules  while 
at  the  same  time  they  acquire  an  indistinct  yelloAV  colour,  and 
the  cell-membranes  gradually  disappear.    The  other  reactions  of 
these   colourless   blood-corpuscles  are  those  of  ordinary  cells, 
without  anything   characteristic.     The  number  of  the  white 
blood-corpuscles  has  been  found  by  all  observations  hitherto  made, 
to  be  somewhat  variable.    Moleschott  found  the  proportion  of  the 
colourless  to  the  coloured  cells  to  average  i :  335  (2-8  in  the  1,000); 
Marfels  gives  the  proportion  at  1:309;   Hirt  finds  it  1:1761, 
during  fasting,  and  that  it  varies  after  the  taking  of  nourishment 
between  1:695  and  1:429;  De  Fury  gives  the  proportion  as  be- 
tween 1 : 290  and  i  :500.    The  number  is  found  below  the  average 
in  fasting  persons,  non-menstruating  females,  and  in  aged  indi- 
viduals.   The  average  number  of  white  globules  is  found  in  the 
blood  of  young  men  when  tlieir  diet  is  deficient  in  albumen.    It  is 
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above  the  average  in  men  and  youths  after  a  diet  rich  in  albumen 
(they  then  reach  to  3*5  in  a  1000),  in  pregnant  females  (3-6), 
menstruating  women  (4*0),  and  in  boys  (4-5).  In  fasting  animals, 
as  Heuman7i  has  also  observed  in  pigeons,  they  decrease ;  and  after 
long  fasting  they  even  disappear  entirely,  at  least  in  frogs,  though, 
on  the  other  hand,  De  Fury  found  their  relative  numbers  to  be 
increased  after  three  weeks  of  low  diet  and  fasting.  Very  remark- 
able is  their  increase  in  numbers,  not  only  relatively  but  absolutely, 
after  venesections,  and  this  may  go  to  such  a  length  in  the  case  of 
the  horse  (of  course  after  enormous  evacuations  of  blood,  up  to 
fifty  pounds),  that  the  coloured  and  colourless  corpuscles  appear 
equally  numerous. — The  colourless  corpuscles  are  lighter  than  the 
coloured,  and  are,  accordingly,  found  in  greater  quantities  in  the 
upper  strata  of  the  crassamentum.  If  the  latter  possesses  a  buffy 
coat,  a  large  number  of  such  corpuscles  are  always  found  in  it, 
especially  when  their  number  in  the  blood  has  been  increased  by 
previous  venesections ;  hence,  in  such  cases,  they  may  even  con- 
stitute the  half  of  the  buffy  coat  {Remak,  Bonders).  Their  small 
tendency  to  sink  partly  results  also  from  the  circumstance,  that, 
although  they  are  provided  with  uneven  surfaces  and  are  disposed 
to  cohere  to  each  other,  they  nevertheless  rarely  form  any 
large  heaps,  and  never  rouleaux.  In  leucsemia,  the  colourless 
blood-cells  are  remarkably  increased  in  number,  so  that  they  have 
been  found  by  De  Fury  in  the  proportion  of  one  to  only  seven  to 
twenty-ODC  of  the  red  corpuscles.  In  ague,  even  though  there  be 
enlargement  of  the  spleen,  Hirt  finds  the  colourless  cells  reduced  in 
amount.  By  the  operation  of  tonic  remedies  (myrrh,  iron,  quinine), 
the  number  of  the  colourless  cells  may  be  notably  increased, 
according  to  Dirt,  even  in  half  an  hour. 

Conditions  of  the  Blood-corpuscles  in  different  kinds  of  Blood. — 
Sensitive  as  the  blood-cells  are  to  different  re-agents  outside  the 
body,  their  appearance  within  it  is  remarkably  constant,  at  least 
as  regards  their  form.  Within  the  limits  of  physiological  con- 
ditions, no  considerable  and  permanent  differences  of  them  are  to 
be  detected ;  in  the  arterial  and  venous  blood,  and  in  various  sorts 
of  blood  in  different  organs,  they  exhibit  an  almost  uniform  aspect : 
and  not  only  is  this  the  case,  but  even  in  the  most  diverse  diseases 
no  visible  alterations  present  themselves.  And  yet  it  cannot  be 
doubted  that  the  forms  of  the  blood-cells,  hke  the  colour  and 
chemical  composition  of  the  blood,  are  subject  to  certain  variations 
and  changes,  according  as  the  blood  is  more  concentrated  or  diluted, 
and  according  as  it  contains  more  or  less  of  certain  salts  and  other 
substances.    This  change  of  form,  however,  is  so  trifling,  that  it  is 
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not  surprising  that  it  has  not  yet  been  recognised  with  certainty. 
At  any  rate,  I  must  add  my  positive  testimony  to  that  of  Henle, 
that  all  those  well-marked  forms,  the  jagged  blood-corpuscles  on 
the  one  hand,  and  the  diminished  spherical  ones,  coloured  or  dis- 
coloured, on  the  other  hand,  are  never  met  with  in  the  circulating 
blood.    It  is  not,  indeed,  impossible  that  slight  degrees  of  flatten- 
ing and  swelling  of  the  blood-corpuscles  may  hereafter  be  detected, 
though  it  must  never  be  forgotten  in  such  investigations,  how 
quickly  the  blood-corpuscles  alter  their  forms ;  and  we  must  be 
on  our  guard  against  regarding  as  a  natural  condition,  an  appear- 
ance which  has  arisen  for  the  first  time  after  the  blood  has  left 
the  circulation. — The  numbers  of  blood-cells  in  different  kinds  of 
blood,  appear  to  be  subject  to  more  variation  than  their  forms. 
With  regard  to  the  coloured  corpuscles,  they  are  somewhat  more 
numerous  in  venous  blood  than  in  that  of  the  arteries.    Of  the 
venous  blood,  that  of  the  hepatic  veins  stands  pre-eminent,  con- 
taining, according  to  Lehmann^  many  more  blood-cells  than  the 
portal  blood,  and  it  even  exceeds  in  this  respect  the  blood  of  the 
jugular  veins,  in  which  also  they  are  numerous  above  the  average. 
The  colourless  blood-cells,  as  has  been  shown  by  Funhe  and  my- 
self, are  present  in  very  large  numbers  in  the  blood  of  the  splenic 
vein.     Here  they  sometimes  present   one   nucleus,  sometimes 
several ;  according  to  Hirt,  the  splenic  artery  contains  these  cells 
in  the  proportion  of  i :  2200  red  ones,  while  in  the  vein  the  pjro- 
portion  is  1 : 60.    The  colourless  blood-cells  are  also  numerous, 
according  to  Lehmann,  in  the  blood  of  the  hepatic  vein,  in  which 
they  are  distinguished  by  their  very  different  size.    I  also  have 
observed  this  fact  in  many  cases,  but  by  no  means  always ;  and  I 
cannot  regard  it  as  an  exclusive  character  of  the  hepatic  venous 
blood,  seeing  that,  even  in  the  portal  blood  (as  Lehmann,  too, 
found  in  one  case),  and  in  the  blood  of  the  pulmonary  veins,  I 
have  found  the  same  large  number  of  colourless  blood-cells,  the 
animals  having  been  perfectly  healthy.  Elsewhere  also,  the  colour- 
less cells  are  more  numerous  in  venous  than  in  arterial  blood 
{Remah).    In  the  superior  vena  cava  and  iliac  vein  of  the  dog, 
Zimmermann  observed  that  these  cells  had  but  one  nucleus,  while 
in  the  inferior  cava  they  had  several.— On  the  peculiar  large  multi- 
nucleated colourless  cells,  and  on  the  biscuit-shaped  ones  with  two 
nuclei,  which  occur  in  the  blood  of  the  liver  and  spleen  of  young 
animals  see  above,  §  168. 

Many  experiments  have  been  made  on  the  influence  of  various  re-agents 
upon  the  blood-globules,  but  some  of  the  results  obtained  are  of  very  little 
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importance.    I  shall,  therefore,  only  adduce  here,  principally  from  investi- 
gations of  my  own  on  the  blood-globules  of  man,  what  may  be  of  use  in 
settling  their  anatomical  and  physiological  characters.    Water  renders  the 
blood-globules  first  spherical,  and,  owing  to  the  decrease  of  the  horizontal 
diameter  which  accompanies  increase  in  thickness,  they  appear  to  become 
smaller  (o-ooz'"  to  o-ooz^.'"),  as  may  be  best  observed  on  corpuscles  which  have 
united  to  form  rouleaux.    Then,  generally  without  any  further  alteration  in 
size,  the  colouring  matter  and  other  contents  are  extracted,  sometimes  slowly, 
sometimes  suddenly  by  a  jerking  swelling  up  of  the  corpuscles  ;  in  this  manner 
the  fluid  portion  of  the  blood  becomes  coloured,  the  corpuscles,  on  the  other 
hand,  appearing  os  colourless  vesicles  or  rings,  so  faint,  that  it  is  often  difficult 
to  detect  them.  Yet  by  the  addition  of  tincture  of  iodine  which  colours  them 
yellow,  or  of  the  reagents  which  render  them  smaller,  and  make  their  outhne 
more  distinct,  such  as  gallic  or  chromic  acid,  and  various  salts  (chloride  of 
sodiuQi,  nitrate  of  potass,  etc.),  they  can  readily  and  distinctly  be  brought 
into  view,  and  thus  it  may  be  shown  that  water  by  no  means  dissolves  or 
destroys  them.    Acetic  acid  of  lo  per  cent,  renders  the  corpuscles  extremely 
pale  instantaneously,  so  that  they  are  scarcely  any  longer  perceptible  ;  but 
still  they  are  not  dissolved,  for  they  may  be  seen  several  hours  afterwards  as 
delicate  rings.    A  solution  of  20  per  cent,  acts  more  energetically,  and  in 
glacial  acetic  acid,  the  cells  are  found  after  two  hours  to  be  quite  dissolved 
in  the  greasy  brown  mass  into  which  the  blood  is  converted  by  this  re-agent. 
Of  all  the  alkalies,  potass  acts  the  most  powerfully.  A  solution  of  10  per  cent, 
renders  the  blood  black,  and  immediately  dissolves  all  the  blood-cells,  render- 
ing them  first  spherical  and  smaller.    A  solution  of  20  per  cent,  acts  in  a 
similar  manner,  except  that  a  few  cells  remain  behind  for  some  time  as  pale 
rings  ;  while,  on  the  other  hand,  a  concentrated  solution  of  two  parts  potass 
to  one  part  water,  does  not  attack  the  corpuscles  beyond  rendering  them 
extremely  small,  and  then  they  either  remain  spherical  or  become  jagged  and 
folded.    The  blood,  as  a  whole,  is  coagulated  by  this  solution,  and  becomes  of 
a  brick-red  colour,  passing  on  to  a  bright  brownish-red.    On  the  subsequent 
addition  of  water,  the  blood-globules  enlarge  to  o-oo6"',  but  otherwise  appear 
as  if  no  re-agent  had  been  added,  generally  remaining  flat ;  they  then  disap- 
pear as  in  an  ordinary  dilute  solution  of  potass.    The  same  phenomenon  of 
diminution  in  size  of  the  blood-cells,  which  is  produced  by  some  of  the  sub- 
stances already  mentioned,  is  of  very  common  occurrence  on  the  addition  of 
re-agents,  and  must  be  attributed  to  the  abstraction  of  various  substances, 
especially  water,  from  the  blood-cells,  seeing  that  it  is  always  concentrated 
solutions  which  act  in  this  manner.    In  these  cases  also,  from  the  blood- 
globules  reflecting  the  light  at  several  points,  the  colour  of  the  blood  becomes 
brighter,  generally  brick-red ;  but  the  change  in  hue  is  not  always  to  the 
degree  exactly  corresponding  to  the  shrinking  of  the  cells  {Moleschott).  Even 
simple  concentration  of  the  blood-plasma  by  evaporation,  causes  the  blood- 
cells  to  shrivel  more  or  less,  and  then  they  are  either  converted  into  round 
dark  shining  globules,  o'ooi'"  to  0-002'"  in  size,  or  into  jagged  stellate  bodies  ; 
or,  lastly,  into  variously-curved  and  folded  plates.  All  concentrated  solutions 
of  metalhc  and  other  salts  act  in  the  same  manner,  except  in  those  instances, 
by  nitrate  of  silver,  for  example,  where  the  corpuscles  are  immediately 
destroyed.  The  hydro  chlorates  and  nitrates  of  the  alkalies  act  more  strongly 
than  the  sulphates  and  phosphates  of  the  same  degree  of  concentration. 
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When  diluted,  such  salts  cause  the  blood-cells  to  swell  up  ;  and  the  same 
efFect  is  sometimes  produced  by  concentrated  solutions  also.— Lastly,  we 
have  to  mention  the  very  important  influences  of  oxygen  and  carbonic  acid 
upon  the  blood-cells,  the  absorption  of  which  gases,  into  the  interior  of  the 
corpuscles,  both  in  the  living  subject  (in  the  lungs  and  systemic  capil- 
laries) and  in  experiments  out  of  the  body,  is  the  cause  of  the  different  hues 
exhibited  by  the  blood.  This  absorption  takes  place  without  altering  the 
form  of  the  cells,  and  the  two  gases  may  be  appHed  alternately  several  times 
over  to  the  same  specimen  of  blood,  without  altering  the  blood-corpuscles  in 
any  manner.  The  gases  in  question  also  act  in  a  similar  manner  upon  the 
isolated  colouring  matter  of  the  blood  as  upon  the  blood-corpuscles  {Magmis, 
Marchand),  and  even  upon  the  red  blood-crystals.  The  researches  of  ScJwn- 
beiii  and  His,  which  show  that  the  contents  of  the  blood-cells  have  the  power 
of  changing  oxygen  into  ozone,  afibrd  us  a  hope  that  these  important  re- 
lations may  soon  be  better  understood  than  has  been  possible  hitherto. 

Blood-corpuscles  of  other  Animals. — The  non-nucleated  blood-corpuscles  of 
mammalia  do  not  differ  in  form  from  those  of  man,  except  that  those  of  the 
camel  and  llama  are  oval,  and  0-0038'"  long  ;  they  are  mostly  smaller  than  in 
man,  measuring  in  the  dog  0-003 1'";  in  the  rabbit  and  rat,  0-0028'";  pig, 
0-0027"';  horse  and  ox,  0-0025"';  cat,  0-0024";  sheep,  0-0022'".  They  are 
smallest  in  the  musk  deer  (0-00094 "),  and  only  in  a  few  instances  are  they 
larger  than  in  man  ;  thus  in  the  elephant  they  measure  0-005"'.— All  the  lower 
classes  of  vertebrata  have  almost  invariably  oval  nucleated  blood-corpuscles 
of  the  form  of  pumpkin-seeds.     Those  of  birds  are  Fig.  213. 

as  much  as  0-004'"  to  0-008"'  in  length,  and  have  /. 
rather  roundish  nuclei  ;   those  of  amphibia  measure  ^  ^ 

between  0-008"'  to  0-025'"  in  length,  and  have  either  ."j 
round  or  oval  nuclei.    The  blood-cells  are  largest  in         ..  -'y  ;  (..j 
the  naked  amphibia,  measuring  in  the  frog,  o-o  11'"  to  _ 
0-013'" in  length,  0*007'"  to  o'ooS'"  in  breadth;  in  the  a'.'^^ 
proteus,  0-025"'  in  length,  0-0016'"  in  breadth  ;  and  in  ij 
the  salamander,  0-02'"  in  length :  those  of  fish,  lastly, 
generally  measure  0*005'"  to  0-007'"  in  length,  except         1.  Biood-ceiis  of  the 
those  of  the  plagiostoma,  which  reach  to  0-0 1'"  to      surface';^T  from  the 
o-oi  5"',  and  those  of  the  lepido-siren,  0-020'"  in  length,      ^^^"^^tek^^'T.^  bSS 
0-012'"  in  breadth.    Those  of  myxine  and  petromyzon      ceils  of  the  pigeon,  a. 
are  0-005'"  in  diameter,  round  and  sHghtly  bi-concave.      TVoTi^f  Sl'^'"' ' 
Leptocephalus  has  colourless   blood-corpuscles,  and 

amphioxus  none  whatever.— The  blood-corpuscles  of  the  invertehrata  resem- 
ble the  colourless  cells  of  the  blood  of  the  higher  animals,  and  are  almost 
always  uncoloured. 

As  extraordinary  constituents  of  the  blood  we  still  have  to  mention  here  the 
following  :  i,  cells,  inclosing  Mood-corjmscles,  observed  by  Ucker  and  myself 
in  the  blood  of  the  spleen  and  hepatic  vessels,  and  also  elsewhere  in  the 
blood  (see  my  3Iicr.  A?iat.  ii.,  2,  p.  269,  et  seq.) ;  2,  pigment-cells  and  colour- 
less granular  cells,  observed  by  myself,  Ucker,  Meckel,  Virchow,  and  Funke, 
especially  in  intermittent  fevers,  and  in  affections  of  the  spleen  ;  3,  pieculiar 
co?icentric  hodies,  three  or  four  times  the  size  of  the  colourless  blood-cor- 
puscles, and  similar  to  those  of  the  thymus  (see  Henle,  Zeitschrift/,  rat. 
Path.,  bd.  vii.,  p.  44),  found  by  Hassall  in  fibrinous  coagula  of  the  heart  ; 
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4,  caudate  cells,  pale  or  with  pigment  (Virchow,  Arch,  ii.) ;  5,  pale,  finely 
granular,  roundish  heaps,  found  by  Funhe  in  the  blood  of  the  splenic  vein, 
and  by  myself  in  tlie  blood  of  the  spleen  and  liver  in  sucking  animals.  In 
the  latter  case  they  are  little  masses  o"oi"'to  o'o2"' in  size,  with  an  ill-defined 
outline,  and  with  nuclei  which  swell  up  in  water  to  0-0005'"  or  o'oooS'".  These 
dissolve  rapidly  in  alkalies,  and  after  a  while  in  acetic  acid  ;  but  they  are  not  at- 
tacked by  ether  and  alcohol  and  probably  consist,  therefore,  of  particles  of  easily 
Fig.  214.  soluble  albumen.  —  We  have  still 

to  mention  here   the  elementary 
forms  arising  external  to  the  body, 
or  on  stagnation  of  the  circulation, 
M        ^  j^B  the  fibrinous  coagida  and  red  crys- 

\  \v'       M  -^^^^  tals.  The  former,  as  they  appear  in 

'  blood-coagula,  mostly  have  the  form 

of  fine  fibrils  extremely  densely 
matted  together  in  an  irregular 
manner,  with  here  and  there  some 
thicker  and  straighter  fibres,  which 
measure  uniformly  o-ooi'"  to  0-002'" 

Crystals  obtained  from  fresh  blood.    1.  prismatic  breadth.      These  fibrinous  ele~ 

crystals  from  man  ;  2.  tetrahedra  from  the  porpoise ;  ments  are  also  said  to  OCCUr  in  the 
3.  six-sided  plate  from  the  squirrel.  After  i^tiKÄe.        „  n     -i  ,  it 

form  of  plates  resembhng  epider- 
mis-scales (fibrine  flakes,  Nasse). — The  red  crystals  which  form  from  the 
blood,  have  of  late  years  received  increasing  attention.  They  are  of  two  kinds, 
the  one  occurring  in  normal  fresh  blood,  spontaneously  or  on  mere  desicca- 
tion ;  the  other  kind  being  met  with  in  old  effusions  of  blood,  in  decomposed 
specimens,  or  in  blood  subjected  to  certain  chemical  agencies.  Crystals 
ranged  under  the  latter  head  maybe  divided  into  three  sorts:  i,  the  so- 
called  hcBmatoidin  crystals,  described  by  Virelww  in  old  extravasations,  which 
have  the  form  of  rhombic  plates,  characterised  by  their  insolubility  in  water, 
alcohol,  ether,  or  acetic  acid,  and  also  by  their  giving  with  strong  sulphuric 
acid,  a  play  of  colours  similar  to  that  produced  by  nitric  acid  on  the  colouring 
matter  of  the  bile  ;  2,  certain  crystals  observed  by  Ley  dig  (Zeitschr.  J.  miss. 
Zool.,  I,  p.  266),  and  Berlin,  in  specimens  of  decomposed  blood  from  the 
stomach  of  the  clepsine,  and  of  a  kind  of  mite  called  cmUyomma  exornatimi  ; 
3,  red,  brown,  or  even  black  crystals,  produced  by  Teiclmann  in  blood,  by  the 
agency  of  acetic  acid  ;  considered  by  their  observer  to  be  pure  haematin,  and 
named  accordingly,  hcemin- crystals  {Zeitschr.  f.  rat.  Med.,V>di.  \\\.,  1853,  p.  375  ; 
and  viii.  p.  141).  The  interest  of  these  last  crystals  has  recently  been  greatly 
enhanced,  from  their  having  been  used  by  Brücke  in  the  diagnosis  of  blood- 
spots.  A  blood-stain  is  treated  with  distilled  water,  and  the  solution,  with  a 
little  common  salt,  is  evaporated  in  vacuo  over  sulphuric  acid,  then  wetted 
with  glacial  acetic  acid  and  evaporated  on  the  water-bath.  A  few  drops  of 
distilled  water  being  added  to  the  product,  Teiclimaim's  crystals  may  be 
examined. — The  other  class  of  red  crystals,  those  which  are  found  in  normal 
blood,  perfectly  fresh,  were  described  by  myself  in  the  year  1849  (Todd's 
CycloiJ.  of  Anat. ,  June,  1849,  ^i'^-  Spleen,  p.  792  ;  Zeitschr. f.  w.  Zool.  i.,  p.  266  ; 
and  Micr.  Anat.  ii.,  p.  280).  I  found  them  in  the  blood  of  the  dog,  of  fishes, 
and  of  a  python  ;  sometimes  within  the  red  blood-corpuscles,  sometimes  free 
in  the  blood,  especially  of  the  spleen  and  liver.  From  their  occurrence  in  the 
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former  situation,  T  thought  they  were  formed  during  life,  and  I  conjectured 
that  they  were  chemically  related  to  heematin  and  htematoidin,  though  their 
solubility  in  acetic  and  nitric  acids  and  in  caustic  alkalies,  showed  they  were 
not  identical  with  the  latter.  Two  years  later,  without  knowing  my  investi- 
gations, FunJie  discovered  these  crystals  in  the  splenic  blood  of  the  horse 
and  dog,  of  man  and  of  fishes  ;  and  thereupon  it  was  found  by  Kunde  {Zcitschr, 
f.rat.  Med.  ii.,  p.  271,  1852),  that  they  are  invariably  present  in  the  blood  of 
that  organ ;  and  their  interesting  tetrahedral  and  hexagonal  forms  were  at  the 
same  time  indicated  by  this  observer.  It  is  now  demonstrated  by  the  careful 
researches  of  F^mTte,  that  these  crystals  are  only  formed  outside  the  body 
(see  Funke's  ^ssaj,  De  Scmfj/uine  vencs  Lienalis,  Lips.,  18  51,  and  his  papers  in 
Henle's  Zeitschr.  N.  Folge,  Bd.i.,  p.  172,  and  his  more  recent  observations  on 
fishes  in  the  same  work,  ii.,  p.  199).  Funke  gives  as  his  opinion,  that  these 
crystals  are  composed  of  the  globuline  of  the  blood-corpuscles  in  combination 
with  hgematin  ;  and  this  view  receives  confirmation  from  the  complete  re- 
searches of  Lehviann,  to  whom  we  owe  many  beautiful  experiments  on  these 
crystals  {Phys.  Chem.,i.,  p.  365,  and  ii.,  p.  151,  1853).— For  further  particulars, 
I  would  refer  to  the  writings  above  quoted,  and  to  my  3Iicr.  Anat.  ii.,  2,  pp. 
58  5,  et.  seq.,  and  here  I  will  only  add  a  few  brief  remarks.  The  crystals  of  hsema- 
to-crystallin  {Lehmann)  or  'globuliue-crystals'  as  I  have  named  them,  are  most 
readily  formed  by  allowing  a  drop  of  blood  covered  with  an  object-glass  to  be- 
come somewhat  dried  up,  or  by  the  slow  evaporation  of  the  sediment  of  beaten 
blood,  which  has  been  diluted  with  water.  They  are  red  or  colourless  crystals, 
which  assume  the  form  of  needles,  columns  and  plates,  probably  belonging  to 
the  rhombic  system,  but  they  also  occur  as  tetrahedra,  octohedra  (guinea-pig, 
rat,  mouse),  or  as  hexagonal  plates  (squirrel) :  they  are  characterised  by  their 
slight  stabihty,  disappearing  when  exposed  to  the  air,  and  by  being  readily 
soluble  in  water,  acetic  acid,  alkalies,  and  nitric  acid.  The  crystals  are 
rendered  insoluble  by  alcohol  ;  yet,  on  the  addition  of  acetic  acid,  they  swell 
up  to  three  or  four  times  their  original  size,  returning  to  their  former  volume 
when  the  acid  is  washed  out  (Reicherfs  crystals). 

§  222.  Physiological  Remarks. — In  the  developmsfit  of  the  blood- 
vessels, we  have  first  to  consider  the  process  as  it  occurs  in  the 
arteries  and  veins.  There  it  takes  place  according  to  two  different 
types.  The  first  type  is  witnessed  in  all  the  primitive  embryonic 
vessels,  and  probably,  also,  in  many  later  ones,  which  develop 
during  the  growth  of  organs ;  it  is  also  seen  in  the  vessels  of  the 
heart.  It  consists  in  the  formation  of  solid  cellular  cords,  of 
greater  or  less  thickness,  which  are  afterwards  formed  into  cavities 
by  the  diffluence  of  their  interior  portions,  and  the  metamorphosis 
of  their  central  cells  into  blood-globules;  and  these  cavities,  at 
first  separated,  soon  coalesce  and  form  a  perfect  system  of  canals. 
The  rudimentary  heart  of  the  embryo  is  formed  in  the  same 
manner,  and,  even  while  in  this  cellular  condition,  may  be  seen  to 
perform  contractions.  When  the  vessels  and  the  heart  have  con- 
tinued for  some  time  in  this  condition  of  cell-tubes,  the  cells  of 
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their  walls  (tlie  innermost  cells  excepted)  commence  to  elongate 
into  fibres,  and  to  represent  the  different  fibrous  tissues  and  coats. 
At  the  same  time,  the  vessels  become  thicker ;  at  first,  perhaps, 
from  an  increase  in  number  of  their  cells,  by  a  deposition  of  new 
cells  from  the  surrounding  blastema  rather  than  by  an  independent 
multiplication  of  them ;  subsequently,  however,  the  increase  in  the 
thickness  of  the  vessels  is  effected  chiefly,  if  not  wholly,  by  the 
growth  of  their  elements  in  length  and  in  thickness.— In  the  other 
type,  which  has  hitherto  been  little  studied,  the  larger  vessels  are 
developed  by  metamorphoses  of  capillaries ;  cells  being  deposited 
externally  upon  them,  and  being  gradually  transformed  into  the 
different  fibrous  tissues  of  the  arteries  and  veins.  According  to  my 
observations,  this  mode  of  development  is  much  more  widely  dis- 
tributed than  the  former;  and,  at  any  rate,  it  is  the  manner  in 
which  all  the  larger  vessels  are  formed  in  the  organs,  after  the  latter 
have  once  left  their  rudimentary  condition.  In  the  fifth  month  of 
intra-uterine  life,  the  coats  and  tissues  of  all  the  larger  and  middle- 
sized  vessels  may  be  traced,  and  it  is  impossible  to  perceive  a  trace 
of  formative  cells ;  but,  on  the  other  hand,  the  tissues  appear  far 
from  being  fully  developed,  the  muscular  fibres  are  short  and 
dehcate,  and  instead  of  thick,  elastic,  fibrous  networks,  there  are 
only  fibrils  of  the  finer  kinds,  while  in  place  of  the  elastic  mem- 
branes themselves,  we  find  only  layers  of  fusiform  cells,  more  or 
less  coalesced.  In  many  vessels  at  this  period,  only  the  longi- 
tudinal fibrous  coat  can  yet  be  demonstrated,  appearing  as  a  homo- 
geneous, elastic  membrane,  close  beneath  the  epithelium  ;  yet  even 
this  is  absent  in  the  smaller  vessels,  and  in  its  stead  is  found  a  layer 
of  elongated  cells,  from  wliich  it,  in  its  turn,  appears  to  be  formed. 
It  is  believed  that  similar  cells  are  occasionally  seen  in  the  adult 
also,  in  those  vessels  where  even  the  elastic  inner  coat  is  absent. — 
The  muscular  fibres  of  the  heart  arise  as  in  other  situations  from 
coalescing  cells,  only  that  here  the  cells  become  stellate,  and  unite 
with  processes  from  neighbouring  cells  to  form  the  anastomoses 
which  characterise  the  later  development  of  these  striated  fibres. 

The  mode  of  formation  of  the  capillaries  is  entirely  different 
from  that  of  the  larger  vessels,  consisting,  as  SchiDcmn  and  myself 
have  shown,  in  a  coalescence  of  simple  cells.  On  the  first  origin 
of  these  vessels,  the  larger  kind  of  capillaries  are  formed  before  the 
others,  by  the  deposition,  in  hnear  series,  of  roundish,  angular 
cells,  which  coalesce  with  each  other  by  the  absorption  of  the  par- 
titions and  the  contents ;  while  the  nuclei  remain  lying  on  the 
cell-membrane,  which  has  now  become  the  coat  of  the  capillary 
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Fig.  215. 


vessel.    In  the  next  place,  delicate,  pointed  processes  bud  forth 
from  the  walls  of  these  vessels,  and  these  quickly  become  elongated, 
and  meet  with  similar  pointed  processes,  derived  from  stellate  cells 
scattered  in  the  surrounding  tissue.    These  processes  coalesce  at 
their  point  of  meeting,  and,  at  the  same  time,  other  prolongations 
of  the  cells  unite  with  each 
other,  so  that  a  network  is  pro- 
duced, consisting  of  the  stellate 
cells  with  the  already  formed 
capillary  tube  or  tubes.  This 
network,  however,  is  never  ex- 
tensive, for  the  processes  which 
issue  from  the  perfect  capil- 
laries already  formed,  as  well 
as  from  the  cells  which  join 
them,  are  always  quickly  trans- 
formed into  capillaries  by  the 
thickening  and  hollowing  out 
of  the  prolongations.    In  this 
manner  vessels  are  produced 
which  are  at  first  extremely 
fine,  and  only  receive  blood- 
plasma  (genuine  vasa  plasma- 
tica  s.  serosa) ;  but  they  soon 
become  wider,  till  at  last  even 
theblood-globules  pass  through, 
and  the  capillaries  are  then 
fully  formed.    During  this  en- 
largement of  the  processes  of 
the  stellate  formative  cells,  the 
bodies  of  the  cells  do  not  en- 
large correspondingly,  but  sim- 
ply appear  as  nodular  points  in 
the  vessels;  thus  it  happens 
that  every  trace  of  the  primi- 
tive network  of  cells  gradually 
disappears,  and  the  position  of  the  cell-bodies  can  afterwards  only 
be  made  out  from  the  situation  of  the  persisting  nuclei.  When 
these  finer  tubes  have  once  been  formed  from  the  primitive  larger 
capillaries,  the  enlargement  of  the  vascular  system  proceeds  further 
and  further  from  these  new  vessels,  other  stellate  cells  becoming 
widened  to  form  capillaries,  while,  at  the  same  time,  new  material 
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Capillaries  from  the  tail  of  a  tadpole,  a.  Fully- 
developed  capillaries ;  b.  cell-iinclui  and  remains 
of  the  contents  of  the  primitive  foi-mative  cell ;  c. 
Cffical  processes  of  a  vessel;  d.  stellate  formative 
cell,  connected  by  these  processes  with  three 
similar  processes  of  pervious  capillaries;  e.  blood- 
Alohules,  still  containing  some  granules.  .Miigni- 
lied  .3.=)0  times. 
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for  the  vessels  is  being  constantly  supplied  by  the  formation  of 
new  cells.    New  connections,  also,  are  frequently  formed  between 
the  already  pervious  capillaries,  partly  from  the  direct  coalescence 
of  processes,  partly  from  connections  with  interjacent  formative 
cells;  so  that  by  this  means,  of  course,  the  primitive  network 
becomes  denser.-This  mode  of  formation  holds  good,  without  ex- 
ception, as  far  as  I  have  seen,  for  all  creatures  m  which  eapil lanes 
occur;  and  the  objection  raised  in  various  quarters  against  he 
exposition  of  Schwann  and  myself,  have  chiefly  resulted  from  the 
circumstance,  that  observers  have  regarded  every  network  uni tag 
the  arteries  and  veins  in  the  embryo  as  consisting  of  capillary 
vessels.  This,  however,  is  by  no  means  the  case  ;  and,  accordingly 
it  is  no  contradiction  whatever  to  our  views,  that  the  so-called 
capillaries  of  the  germinal  area,  which  are  no  capillaries  at  all, 
should  arise  after  the  type  of  the  larger  vessels. 

The  capillaries  of  the  lymphatic  system,  which  can  be  read,  y 
traced  in  the  tail  of  the  batrachian  larva  (fig.  205),  have  exactly 
the  same  development  in  all  essential  points  as  those  of  the  system 
of  blood-vessels  (fig.  215),  except  that  here  anastomoses  are  rare 
and  the  mode  of  formation  is  more  limited  to  the  deposition  of 
cells  in  linear  series;  the  cells  being  either  fusiform  or  having 
three  chief  processes.  Observations  are  wanting  on  the  larger 
trunks  of  this  system,  yet  it  cannot  be  doubted  that  they  agree 
entirely  with  the  blood-vessels  in  their  development^  f"^f  ,t  ' 
recently  treated  of  the  lymphatic  glands  (I.e.)  and  stated  that 
they  arise  from  lymphatic  vessels  which  give  out  buds,  and  become 

variously  convoluted.  _  t       •       - . 

The  development  of  the  blood-corpuscles  m  the  embryo  is  pretty 
accurately  known  in  its  chief  stages.  The  primitive  blood-cor- 
puscles in  mammalia,  and  the  vertebrata  m  general,  are  nucleated, 
colourless  cells  with  granular  contents,  which  are  perfectly  iden- 
M  w  th  «1  f;rmati 'e  cells  seen  in  all  parts  of  the  young  embryo 
The  first  corpuscles  are  formed  in  the  rudimentary  l^-t  and  g-at 
vessels  (in  some  places  very  early;  m  others,  somewhat  later)  by 
leparation  from  each  other  of  the  cells  m  *e  centre  0  thes 
orLns,  and  this  separation  results  from  the  formation  of  fluid,  the 
p rtmit  ve  blood-plasma,  between  them.  From  these  colourless 
c  b  arise  the  first  coloured  blood-corpuscles;  they  lose  their  gra- 
nules and  become  filled  with  h=ematine ;  but  retain  their  nucleus. 

These  coloured,  nucleated,  primitive  blood-cells  are  spherical 
i.ore  intensely  coloured,  and  larger  than  tl-.,Wood-eorpuscles  of 
the  adult,  but  in  all  other  respects,  are  similar  to  them.    In  a 
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Blood-corpuscles  of  a  sheep 
embryo,  3  J  lines  long.  «.  Double 
and  triple  nucleated,  large,  co- 
loured, blood-globules,  in  dif- 
ferent stages  of  division ;  b. 
large,  round,  coloured  blood- 
cells,  one  with  its  nucleus  di- 
viding; c.  a  smaller  one.  Mag- 
nified 300  times. 


sheep  embryo  of  lii^es  long,  the  most  of  them  measured  0  005'" 
to  o"Oo65'",  but  some  only  0-0025'"  to  Fig.  216. 

0'0035'";  in  a  human  embryo^  4  lines  « 
long,  they  measured,  according  to  Paget, 
0-004"'  to  0-007"'.    At  firsts  these  red, 
nucleated   corpuscles^  along   with  their 
colourless  formative  cells,  constitute  the 
only  elements  of  the  blood.    But  many 
of  them  soon  commence  to  multiply  by 
partition,  growing  first  into  an  elliptical 
shape,  some  of  them  being  even  flattened, 
and  then  being  extremely  like  the  blood- 
corpuscles  of  amphibia.    At  this  time  the 
ceils  are  o'oog'"  in  length,  and  0-004  "  to 
0*006"'  in  breadth ;  they  produce  two,  or 
more  rarely,  three  or  four  roundish  nu- 
clei, and  then  divide  into  as  many  new 
cells,  through  one  or  more  constrictions. 
As  soon  as  the  liver  begins  to  grow,  this  multiplication  of  the 
blood-cells  in  the  entire  mass  of  blood  ceases,  and  soon,  also  (in 
sheep  embryoes  of  1 1  lines),  we  lose  all  trace  of  their  development 
from  the  colourless,  formative  cells  ;  on  the  other  hand,  as  Reichert 
inferred,  and  as  I  have  directly  demonstrated,  a  very  active  for- 
mation of  blood-cells  appears  in  the  liver,  the  reason  of  Avhich  may 
be  found  in  the  circumstance,  that  at  this  period  all  the  blood  of 
the  umbilical  vein,  by  which  the  embryo  is  supplied  with  new 
plastic  materials,  first  flows  into  the  liver,  instead  of  into  the 
general  circulation,  as  formerly.    In  the  formation  of  cells  which 
henceforth  goes  on  in  the  hepatic  vessels,  the  multiplication  of  the 
blood-corpuscles,  by  partition  of  themselves,  retires  more  and  more 
into  the  background.    Instead  of  this  process,  colourless,  nucleated 
cells  are  formed  in  the  blood  of  the  liver,  measuring,  on  an  average, 
0-003"'  to  0-004'"  (0-0015"'  to  0-006'"  at  the  extremes),  and  these 
become  transformed,  for  the  most  part  in  the  liver,  into  coloured, 
nucleated  blood-cells  by  the  formation  of  colouring  matter  in  the 
cell-contents ;  this  change  takes  place  either  immediately  or  after 
the  colourless  cells  have  multiplied  in  the  way  already  described 
for  the  primitive  red  corpuscles.    The  place  of  origin  of  these 
colourless  cells  (the  first  proper  white  blood=corpuscles)  is  not  yet 
ascertained ;  but  I  am  of  opinion  that  they  are  produced  in  great 
measure  by  the  spleen,  for  it  is  certain  that  in  the  later  half 
of  foetal  life,  this  organ  does  transmit  numerous  colourless  cells 
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into  the  liver;  and  I  have  also  observed  the  formation  within  the 
spleen  of  red  nucleated  cells,  in  the  case  of  advanced  embryoes, 
and  during  the  first  year  of  independent  life.    Moreover,  it  appears 
probable  that  at  the  earliest  development  of  the  liver,  a  portion  ot 
these  colourless  formative  blood-cells  have  their  origm  m  the 
process  of  formation  of  the  vessels  of  this  organ.    The  considerable 
size  and  the  vascularity  of  the  embryonic  liver  completely  har- 
monises with  this  view  of  the  new  formation  of  blood-corpuscles 
in  that  organ,  and  this  process  probably  continues  m  the  liver  and 
spleen  throughout  the  whole  period  of  embryomc  life;  at  least  i 
have  found  it  in  quite  advanced  embryoes  of  mammaha,  and  also 
in  newly-born  infants:  it  becomes,  however,  of  less  and  less  im- 
portance, perhaps  in  connection  with  the  appearance  and  further 
development  of  the  ductus  venosus  (which,  according  to  Rat/ike, 
is  a  secondary  formation),  because,  in  this  way,  a  considerable  part 
of  the  blood  of  the  umbihcal  vein  arrives  directly  m  the  circulation, 
and  is  withdrawn  from  the  liver. 

The  further  development  of  the  nucleated,  spherical  blood-cells 
of  the  embryo,  in  whatever  manner  formed,  is  effected  by  their 
gradually  becoming  more  and  more  flattened  (either  directly  or 
after  they  have  multiplied  in  the  manner  stated  above),  and  even 
by  their  receiving  slight  excavations;  their  nuclei,  meanwhile, 
become  decidedly  smaller,  and,  on  the  addition  of  acetic  acid,  ex- 
hibit a  great  tendency  to  break  up.    They  ultimately  disappear 
completely,  and  the  blood-cells  become  non-nucleated,  like  those  ot 
the  adult,  and  soon,  also,  become  hke  them  in  form,  instead  of 
remaining,  as  at  first,  of  a  somewhat  irregular  shape.    As  for  the 
period  at  which  these  non-nucleated,  coloured  cells  make  their  ap- 
pearance it  is  to  be  remarked,  that  I  did  not  observe  them  at  all 
in  the  embryo  of  the  sheep,  3^  Imes  long,  nor  were  they  seen  by 
Paqet  in  a  human  embryo  of  the  fourth  week,  which  measured 
4  lines  in  length.    In  embryoes  of  the  sheep,  9  hues  long,  they 
were  still  extremely  scanty;  but  in  those  which  had  attained  a 
lenoth  of  13  lines,  they  constituted  the  great  majority  of  the 
blood-cells.     In  a  human  embryo  at  the  third  month,  these 
coloured  corpuscles  numbered  about  one-fourth  of  the  whole  m 
the  blood  of  the  liver;  while  in  the  blood  of  other  parts,  they 
constituted  from  one-sixth  to  one-eighth  of  the  whole.    In  still 
older  embryoes  the  non-nucleated  cells  greatly  preponderate,  so 
that  in  sheep-embryoes  of  5  to  13  inches  in  length,  the  nucleated 
coloured  cells  in  the  hepatic  blood  constitute  only  one-fourth  or  two- 
fifths  of  the  blood-cells  ;  and  in  still  larger  embryoes,  m  the  general 
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mass  of  the  blood,  they  are  not  more  numerous  than  the  lymph- 
globules  in  the  blood  of  the  adult.  In  the  human  embryo,  it  has 
not  yet  been  ascertained  at  what  period  the  nucleated,  coloured 
cells  become  more  scanty  and  disappear ;  but  Paget  has  observed 
them  in  considerable  numbers,  in  one  case  in  an  embryo  of  five 
months. — The  blood  of  the  more  advanced  embryo  of  mammalia 
contains  large  numbers  of  colourless  cells  besides  the  red  cor- 
puscles, and  these  are  often  equal  in  number  to  the  coloured  cells, 
and  are  found  not  only  in  the  liver,  but  in  the  blood  of  other 
organs  also.  The  chief  part  of  these  colourless  cells  is  undoubtedly 
derived  from  the  spleen  and  the  liver;  in  the  sheep's  embryo, 
thirteen  inches  long,  one-third  of  the  total  blood-cells  of  the  liver 
are  found  to  be  of  the  colourless  sort,  with  a  few  of  the  nucleated 
red  corpuscles ;  in  the  later  periods  of  embryonic  life,  many  of 
these  colourless  cells  may  also  come  from  the  lymph.  It  is  un- 
determined whether  these  later  cells  also  become  transformed  into 
coloured  corpuscles,  and  all  that  we  can  affirm  concerning  them  is, 
that  the  stages  of  transition,  which  are  so  frequently  met  with  in 
the  blood  of  the  liver  and  spleen  (both  in  the  white  and  in  the 
nucleated  red  corpuscles),  are  entirely  absent  in  the  blood  of  the 
remainder  of  the  body. 

The  origin  of  the  blood-globules  after  birth  and  in  the  adult  still 
remains  one  of  the  most  obscure  portions  of  their  history,  in  spite 
of  the  numerous  endeavours  which  have  been  specially  directed  to 
this  point.  The  hypothesis  which  appears  to  me  deserving  of  the 
most  confidence  is  that  which  considers  the  red  blood-cells  to  arise 
from  the  smaller  chyle- corpuscles,  which  lose  their  nuclei  and 
become  flattened,  while  haematine  is  produced  in  their  interior. 
These  cells  are  not  far  from  the  same  size  as  the  blood- globules, 
or  are  even  somewhat  smaller ;  their  membrane  exhibits  the  same 
structure,  they  are  flattened,  and  are  not  unfrequently  coloured 
faintly  yellow;  hence  they  may  pass  into  coloured  cells  without 
any  considerable  alteration,  only  such  as  we  see  in  the  colourless 
blood-cells  of  the  embryo.  No  one  has  yet  observed  where  and 
how  the  transformation  takes  place;  and  although  I  have  devoted 
much  trouble  and  care  to  this  subject,  I  have  never  seen  a  nu- 
cleated, coloured  blood-cell  in  the  adult.  The  only  observation 
bearing  on  this  point  which  I  have  to  record  is,  that  in  the  pul- 
monary veins,  and  occasionally,  also,  in  other  blood,  the  smaller 
lymph-corpuscles  have  frequently  appeared  with  a  really  pretty 
distinct  colour,  much  more  than  in  the  thoracic  duct ;  and  thus  it 
has  happened  that,  as  thev  lay  on  their  sides,  thev  were  sca.rcely 
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to  be  distinguished  from  true  red  blood-corpuscles,  except  by  their 
slio-htly  granular  appearance.  In  this  situation,  too,  the  pale 
blood-cells  showed  some^Yhat  smaller  nuclei  than  elsewhere;  but 
even  this  point  is  not  conclusive.  AVe  may,  however,  adduce,  as 
very  important  analogies  in  favour  of  this  hypothesis,  i.  that  m  all 
the  lower  vertebrata,  even  in  the  adult  animals,  the  origin  of  the 
nucleated  blood-cells  from  the  lymph-corpuscles  may  be  very  dis- 
tinctly observed ;  this  is  seen  most  plainly  in  the  amphibia  :  and  2. 
that  even  in  the  human  embryo,  and  in  the  spleen  of  the  newborn 
child,  the  formation  of  the  coloured  blood-globules  from  colourless 
cells  very  similar  to  the  lymph-corpuscles,  has  been  demonstrated 
most  definitely.  When,  moreover,  it  is  considered,  that  nothing  is 
known  of  an  independent  multiplication,  or  any  other  mode  of  origin 
of  the  blood-cells,  I  feel  justified  in  expressing  my  opinion,  that  the 
red  blood-cells  take  their  origin  from  the  lymph-corpuscles;  and  I 
would  further  venture  to  suggest,  that  the  reason  why  the  transition 
has  never  been  observed  is,  that  it  takes  place  too  quickly  to  be  at 
all  followed  by  the  methods  of  observation  which  we  can  employ. 

Although,  in  the  foregoing,  I  have  expressed  myself  in  favour  of 
the  formation  of  the  red  blood-cells  from  the  elements  of  the  lymph 
and  of  the  chyle,  I  do  not  by  any  means  intend  to  assert  that  all 
the  elements  of  these  juices  are  transformed  into  blood-cells  at  all 
periods  of  post-embi^onic  life.    The  microscopical  examination  of 
the  blood  shows,  indeed,  that  a  certain  number  of  large  pale  cells 
(with  several  nuclei,  or  with  one  nucleus  which  breaks  up  on  the 
addition  of  acetic  acid)  are  invariably  present  in  fully-formed 
blood;  and  it  appears  impossible  to  suppose  that  these  ever  become 
red  blood -corpuscles,  although  they  certainly  come  from  the  chyle, 
or  else  are  metamorphosed  elements  of  it  ( Virchoic  and  myself). 
If  this  be  established,  the  question  arises,  wdiether  the  change  of 
the  blood-cells,  their  formation,  and  their  decay,  may  not  follow 
much  more  slowly  than  is  usually  assumed,  and  whether  the  pale 
corpuscles  may  not  be  much  more  stable  elementary  parts  than  has 
been  hitherto  supposed.    I  cannot  give  any  definite  explanation  on 
this  point,  and  will  only  remark,  that  in  any  case,  as  long  as  the 
body  grows  and  the  volume  of  the  blood  increases,  an  energetic 
fornaation  of  blood-cells  must  certainly  be  going  on;  on  the  other 
hand,  it  is  wholly  undetermined  whether  the  blood-cells  at  this 
period  of  life  undergo  any  process  of  solution,  and  on  this  account, 
therefore,  we  are  unable  to  estimate  what  proportion  of  the 
elements  of  the  chyle  undergoes  transformation  into  blood-cor- 
puscles.   In  the  adult,  only  this  much,  perhaps,  is  quite  certain. 
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that  Avhcn,  from  any  cause,  tlie  individual  becomes  poorer  in  blood, 
it  may  be  replaced  in  a  short  time,  together  ^vitll  its  red  blood- 
cells;  but  it  is  quite  undetermined  \vhether,  under  ordinary  con- 
ditions, an  energetic  solution  and  re-formation  of  blood-cells  takes 
place.  Since  a  formation  of  blood-globules  cannot  be  definitely 
observed,  we  can  only  hope  to  hring  this  question  to  a  decision  by 
seeking  for  proofs  of  their  solution  ;  but  the  observations  which  we 
possess  on  this  point  are  not  of  a  nature  to  warrant  the  inference, 
that  a  change  of  the  elements  of  the  blood  is  constantly  taking 
place  at  short  intervals ;  for  though  an  enormous  number  of  decom- 
posing blood-globules  may  be  found  in  the  spleen  of  many  animals, 
still  the  frequent  and  regular  return  of  a  process  of  solution  of  the 
blood-corpuscles  in  this. organ  has  not  yet  been  demonstrated. 
Taking  together  all  the  facts  known  to  us,  I  believe,  then,  that  the 
question,  when  and  in  what  measure  the  blood-globules  of  the 
adult  perish  and  form  anew,  cannot  possibly  be  determined  defi- 
nitely at  present;  yet  I  am  inclined  to  the  opinion,  that  the 
elements  of  the  blood  are,  throughout,  less  transitory  structures 
than  is  usually  believed. 

The  investigation  of  the  heart  is  easy,  as  regards  the  muscular  fibres  them- 
selves, and  their  anastomoses  may  be  detected  with  facility  in  any  carefully 
made  preparation ;  on  the  other  hand,  there  are  great  difficulties  in  tracing 
the  course  of  the  fibres  in  this  organ.  Hearts  which  have  been  macerated  in 
weak  alcohol  are  best  adapted  for  this  purpose,  and  it  has  long  been  recom- 
mended to  employ  hearts  that  have  been  boiled,  either  when  fresh  or  after 
being  salted  for  some  weeks.  In  place  of  this  method,  Purkinje  and  Palicki 
recommend  the  heart  to  be  boiled  in  a  solution  of  common  salt,  or  still  better, 
of  sulphide  of  calcium  ;  while  Ludwig  prefers  to  remove  the  pericardium,  and 
then  to  lay  the  heart  in  water,  repeating  the  soaking  along  with  a  gentle 
pressure  every  time  that  he  removes  a  layer  of  the  muscular  fibres.— For  the 
Uood-vessels,  previous  dissection  of  them  into  lamellae  with  the  knife  and 
forceps,  however  carefully  performed,  does  not  suffice  ;  but  their  investigation 
must  also  be  conducted  by  means  of  transverse  and  longitudinal  sections  of 
the  entire  wall  of  the  vessels.  Portions  of  the  vessels  should  be  spread  out 
and  dried  on  paper,  and  then  a  fine  section,  even  of  very  thin  vessels,  may  be 
obtained.  Sections  thus  obtained  should  be  softened  in  water  before  exami- 
nation ;  they  should  be  treated  with  acetic  acid  or  with  nitric  acid  of  20  per 
cent.  ( Weyrich),  if  we  desire  to  study  the  muscular  fibres  ;  other  preparations 
should  be  treated  with  caustic  soda,  and  in  these  ways,  the  elastic  tissue  of 
the  vessels  comes  out  very  beautifully.  For  the  rapid  demonstration  of  the 
epithelium,  of  the  elastic  inner  coat,  and  of  the  muscular  coat,  by  themselves 
apart  from  their  connections,  the  large  vessels  at  the  base  of  the  brain  have 
shown  themselves  to  me  to  be  best  adapted.  The  elastic  membranes  of  the 
tunica  media  can  be  readily  isolated  after  maceration  in  acetic  acid.  The 
muscular  fibres  of  this  coat  are  always  seen  on  teasing  it  out,  or  come  into 
view  readily  on  the  addition  of  nitric  acid.— For  the  study  of  the  capillaries 
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the  braiD  and  the  retma  m  man,  as  well  as  tadpoles  and  embryonic  structm-es, 
are  especially  to  be  recommended  ;  for  the  development  of  the  capillaries, 
tadpoles,  the  allantois  of  embryoes,  and  the  vascular  capsule  of  the  lens, 
should  be  examined.— The  blood  is  to  be  examined,  whenever  possible,  in  the 
serum  itself,  then  with  the  different  re-agents  mentioned  above  ;  and  its  ex- 
treme tendency  to  undergo  alteration  is  always  to  be  borne  in  mind.— The 
lymphatic  glands  are  best  injected  with  carmine  and  size,  or  with  seahng-wax 
and  turpentine  dissolved  in  alcohol ;  and  I  recommend,  in  addition,  sections 
of  preparations  which  have  been  hardened  in  alcohol. 
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Heart,  in  Cyclop),  of  Anat.,  ii.    Parchappe,  Du  Cosur,de  sa  Structure  et  de  ses 
Mouvements,  Paris,  1 84.4.    C.  Ludwig,  in  Zeitschr  ftf  rat.  Med.,  bd.  vii.,  p.  1 8 9  ; 
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Remak,  in  Müll.  Arch.,  1844,  p.  463  ;  and  ibid.,  1850,  p.  76.    P.  Lee,  3Iem.  on 
the  Ganglia  and  Nerves  of  the  Heart,  London,  1 8  5 1 .    Bidder,  in  Müll.  Arch., 
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OF  THE  HIGIIEE  ORGANS  OF  SENSE. 
I.  Of  the  Organ  of  Vision. 

§  223.  The  organ  of  vision  consists  of  the  eye-hall,  or  the  proper 
sensory  apparatus,  together  with  certain  accessory  parts,  which  are 
present  partly  for  its  protection,  partly  for  its  movement ;  these 
are,  the  eye-lids,  the  muscles  of  the  eye,  and  the  lachrymal  organs. 
The  eye-ball  itself  is  a  very  complex  organ,  in  which  almost  all  the 
tissues  of  the  body  are  represented ;  and  it  is  essentially  composed 
of  two  internal  refracting  media,  the  vitreous  body  and  the  lens, 
together  with  three  coats  or  tunics :  the  outermost  fibrous,  com- 
prising the  sclerotica  and  cornea  the  next  vascular^  the  choroid 
with  the  iris ;  and  the  third  is  the  nervous  coat. 

A.  OF  THE  EYE-BALL. 

§  224.  Fibrous  Tunic  of  the  Eye.—'YhQ  external  envelope  of  the 
eye-ball  is  formed  by  a  dense  fibrous  tunic,  which,  to  outward 
appearance,  is  subdivided  into  a  smaller,  anterior  section,  the  cor- 
nea, which  is  transparent;  and  into  a  larger,  posterior,  opaque  part, 
the  sclerotic,  although  the  whole  is  to  be  regarded  as  a  single 
connected  tunic,  as  is  proved  by  its  development  as  well  as  by  its 
intimate  structure. 

The  sclerotic  coat,  also  called  the  tunica  albuginea,  is  a  white, 
fibrous  membrane,  very  dense  and  firm,  which  is  thickest  at  the 
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posterior  circumference  of  the  eye,  where  it  is  directly  connected 
with  the  sheath  of  the  optic  nerve,  and  becomes  gradually  thinner 
as  it  advances  forwards,  becoming,  however,  again  stronger  at  its 
anterior  part,  where  it  receives  the  insertion  of  the  straight  muscles 
of  the  eye ;  hence  it  is  continued  uninterruptedly  into  the  cornea. 
The  sclerotic  yields  ordinary  gelatine  on  boiling,  and  consists  of 
true  connective  tissue,  whose  fibrils  come  out  very  distinctly,  both 
when  teased  out,  and  also  when  transverse  sections  are  treated  with 
acetic  acid.  The  bundles  of  this  tissue  are  straighter,  but  other- 
wise are  intimately  connected  together  as  in  tendons,  and  they  are 
united  to  form  largish  flat  bands  of  various  thickness,  which  run 
alternately  in  a  longitudinal  and  in  a  transverse  direction  in  the 
entire  thickness  of  the  coat,  so  that  a  lamellated  structure  is  ex- 
hibited on  perpendicular  sections.  True  independent  laminae, 
however,  are  nowhere  present,  the  different  longitudinal  layers,  as 
well  as  the  transverse  ones,  being  variously  united  with  each  other. 
It  is  only  on  the  two  surfaces  of  the  sclerotic,  but  especially  on  the 
inner,  that  the  longitudinal  fibres  collect  to  form  somewhat  thicker 
plates,  and  thus  receive  greater  independence. 

Through  the  midst  of  the  connective  tissue  of  the  sclerotic,  there 
run  a  great  number  of  fine  elastic  elements,  which  have  the 
same  form  as  in  tendons  and  ligaments  (see  §  80),  viz.,  a  network 
of  fibres  of  various  degrees  of  fineness,  in  which  the  places 
where  the  primitive  formative  cells  were  situated  are  indicated  by 
thickenings  with  rudiments  of  nuclei,  so  that  the  whole  often 
bears  a  close  resemblance  to  anastomosing,  fusiform  and  stellate 
cells.  During  life,  the  elementary  fibres  of  this  network  appear 
sometimes  to  possess  cavities  with  fluid  contents,  at  least,  in  dried 
sections  of  the  sclerotic,  air  is  seen  in  the  bodies  of  all  the  cells, 
giving  rise  to  the  appearance  known  as  the  '  cretaceous  corpuscles ' 
of  Huschke.  Virchoiüs  view,  according  to  which  these  cavities  are 
a  kind  of  nutrient  canals,  may,  accordingly,  be  considered  as  fully 
warranted,  especially  as  the  vessels  of  the  sclerotic  are  always  very 
scanty.  These  vessels  arise  chiefly  from  the  ciliary  arteries  and 
from  those  of  the  muscles  of  the  eye-ball,  and,  as  Brücke  and 
myself  have  found,  they  form  a  tolerably  wide-meshed  network  of 
capillaries  of  the  last  order.  I  have  not  yet  seen  any  nerves  in  the 
sclerotic,  as  described  by  some ;  the  appearance  of  nerves  in  it 
proba]3ly  results  from  branches  running  on  its  inner  side  to  the 
ciliary  ligament. 

The  cornea  is  perfectly  transparent,  denser,  and  more  difficult  to 
tear  than  the  sclerotic,  and  is  composed  of  three  special  layers  : 
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I.  of  the  conjunctival  membrane  {conjunctiva  corneoe) ;  2.  of  the 
proper  cornea)  and  3.  of  the  membrane  of  Descemet:  the  first  and 
the  last  of  these  layers  are  formed  by  an  epithelium  and  a  sub- 
jacent structureless  membrane ;  the  middle  one  of  a  fibrous  tissue 
of  a  peculiar  kind. 

The  proper  cornea,  or  the  fibrous  layer  of  it,  constitutes  by  far 
the  thickest  part  of  the  whole  coat,  and  consists  of  a  fibrous  sub- 
stance nearly  allied  to  connective  tissue,  but  yielding,  according  to 
J.  Müller^  chondrin  instead  of  gelatin  on  boiling.  This  chondrin, 
however,  is  stated  by  His  to  diff'er  from  the  ordinary  kind,  in  the 
circumstance  that  most  of  its  precipitates  are  soluble  in  an  excess 
of  the  precipitating  re-agent.  Its  elements  are  pale  bundles, 
O'ooi!"  to  o'oo^"  in  diameter,- on  which,  at  least  when  teased  out, 
fine  fibrils  are  more  or  less  distinctly  visible.  These,  again,  are 
united  to  form  flat  bundles,  of  0"04'"  to  0-12''' in  breadth  (His), 
which  keep  their  surfaces  always  parallel  to  the  surfaces  of  the 
cornea,  and  are  connected  with  each  other,  both  in  the  direction 
of  the  surface  and  in  that  of  the  thickness,  so  that  they  represent 
a  large  mesh  work  extending  through  the  entire  tunic.  There  are, 
however,  no  visible  spaces  in  the  membrane,  seeing  that,  on  the 
one  hand,  the  elements  of  one  fibrous  fasciculus  press  closely  into 
the  intervals  of  another,  and  that,  on  the  other  hand,  all  the  fibrous 
bundles  themselves  lie  very  compactly  one  upon  another,  as  in  a 
compressed  sponge,  for  example.  The  structure  of  the  cornea 
may  be  most  correctly  and  easily  understood,  if  we  proceed  from 
the  sclerotic,  of  which  the  corneal  tissue  is  only  a  modification. 
We  have  seen  that  in  the  sclerotica,  bundles  of  connective  tissue, 
arranged  in  longitudinal  and  transverse  networks,  constitute  the 
whole  tunic;  and  the  same  is  the  structure  of  the  cornea,  only 
more  complicated,  the  bundles  here  running  in  the  most  diverse 
directions. — If  we  regard  the  structure  of  the  cornea  as  a  whole, 
we  may  ascribe  to  the  tunic  a  lamellated  arrangement,  although 
we  cannot  agree  with  many  authors,  in  stating  that  it  consists  of 
coQiplete  lamellae.  This  arrangement  results  from  all  its  bundles 
being  flat,  and  lying  with  their  surfaces  parallel  to  the  surface  of 
the  cornea,  so  that  this  structure  cannot,  without  extreme  difficulty, 
be  torn  and  penetrated  in  the  direction  of  its  thickness. — The 
correspondence  of  the  elements  of  the  cornea  with  connective  tissue 
is  also  proved  by  the  followiug  considerations:  i.  that  it  is  con- 
tinued at  its  borders  (chiefly  by  its  radiating  elements),  directly 
and  without  interruption,  into  the  similarly  disposed  fibres  of  the 
sclerotic,  so  that  a  natural  separation  of  the  two  tunics  cannot  be 
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regarded  as  existing  in  tlie  slightest  degree ;  and  2.  that  between 
the  bundles  and  lamellse  of  the  cornea  there  lie  an  enormous 

number  of  anastomosing^,  fusiform 
and  stellate^,  nucleated  cells^  the  '  cor- 
puscles of  connective  tissue/  or  '  cor- 
nea-corpuscles ^   of  Virchoiü,  which 
were  first  noticed  by  Toynhee  in  1841^ 
and  afterwards  more  distinctly  by 
Virchow  :  cells  of  these  characters 
are  peculiar  to  undeveloped  elastic 
tissue,  and  also  occur  in  a  more 
branched  form  in  the  sclerotic.  It  is 
probably  beyond  doubt,  that  the  nu- 
trient fluid,  which  continually  satu- 
rates the  cornea  in  large  quantity, 
and  which  can  be  directly  demon- 
strated by  pressing  the  cornea,  is 
chiefly  conducted  and  distributed 
further  into  the  interior  by  the  cells 
in  question ;  and  this  view  appears 
to  receive   confirmation   from  the 
fact,  that  in  diseases  of  the  cornea 
these  cells  very  frequently  contain 
fat-drops,  and  in  exceptional  cases, 
according  to  Bonders,  even  pigment 
in  their  interior.   The  corneal  tubes, 
which  have  been  injected  by  Boiuman  in  the  ox  and  in  the  human 
eye,  are  not  to  be  confounded  with  cell-networks ;  and  they  are 
probably  to  be  regarded  as  artificial  enlargements  of  the  small 
interspaces  which  normally  occur  between  the  elements  of  the 
cornea-tissue,  and  which,  on  microscopical  examination,  may  occa- 
sionally be  indistinctly  recognised. 

The  conjunctiva  covering  of  the  cornea  chiefly  consists  of  a  soft, 
lamellated  epithelium,  0-023'"  to  0-050'"  thick,  whose  lower  layers 
of  cells  are  elongated  and  disposed  perpendicularly  upon  the 
cornea;  while  the  middle  ones  possess  rather  a  roundish  form,  and 
pass  superiorly  into  a  layer  o-oo8"'  to  o-oi"'  thick,  of  soft,  nucleated 
plates  (o-oi'"  to  0-014'"  in  size),  corresponding  to  the  horny  layer 
of  the  epidermis.  This  epithelium  becomes  dim  very  soon  after 
death,  as  also  on  the  addition  of  water  and  acetic  acid.  Beneath 
it  there  exists  a  structureless  lamella,  first  mentioned  by  Boivman, 
and  named  by  him  the  ^anterior  elastic  lamella;'  this  measures 


Perpendicular  section  of  the  cornea  of 
the  newly-horn  infant;  magnified  350 
times,  and  treated  with  acetic  acid.  The 
epithelium  is  left  out.  A.  Anterior  por- 
tion of  the  cornea,  a.  Anterior  struc- 
tureless lamella ;  b.  dense  layer  of  small 
round  granules  (probahly  small  cells), 
with  a  small  quantity  of  fibrous  tissue  •, 
c.  developed  fibrous  tissue,  with  anasto- 
mosing plasmatic  cells.  B.  Posterior 
portion  of  the  cornea,  c.  As  above ;  d. 
structureless  lamella  of  the  membrane  of 
Descemet. 
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0-003'"  to  0-004"'  in  thickness,  and  is  especially  distinct  upon 
perpendicular  sections,  and  when  horizontal  sections  are  folded 
together  after  the  addition  of  alkalies.  This  lamella,  however,  is 
far  from  being  so  sharply  marked  off  from  the  proper  cornea  as 
JDescemet's  membrane,  nor  does  it  appear  to  have  the  same  signifi- 
cation as  that  membrane,  being,  perhaps,  nothing  else  than  the 
remains  of  the  vascular  lamina  which  previously  existed  in  the 
corneal  conjunctiva.  —  Curved  fibres,  like  rigid  bundles  of  con- 
nective tissue  or  elastic  fibres,  are  occasionally  seen  to  pass  off 
from  this  conjunctival  membrane  for  some  distance  into  the  cornea, 
where  they  are  lost. 

The  membrane  of  Descemet,  or  Demours,  called  also  memhrana 
liumoris  aquei,  consists  of  an  elastic  membrane,  rather  loosely 
attached  to  the  tissue  of  the  cornea,  and  of  an  epithelium  upon  the 
inner  surface  thereof.   The  former  elastic  layer,  which  is  the  proper 
membrane  of  Descemet,  is  clear  like  glass,  brilliant,  perfectly  struc- 
tureless, and  can  be  readily  torn;  it  is,  however,  tolerably  firm, 
and  so  elastic,  that  when  it  is  separated  from  the  cornea  by  the 
knife  and  forceps,  or  by  boiling  in  water,  or  by  maceration  in 
alkalies,  it  invariably  curls  up  strongly,  with  a  direction  forwards. 
By  this  treatment,  as  by  re-agents  in  general,  the  membrane  is  not 
deprived  of  its  transparency ;  it  appears  to  be  identical  in  its  che- 
mical characters  with  the  other  homogeneous  membranes.  The 
thickness  of  Descemefs  membrane  amounts  to  0*006'"  to  o-oo8"', 
and  towards  the  borders  of  the  cornea,  it  passes  into  a  peculiar 
system  of  fibres,  which  were  first  observed  by  Eeichert,  and  de- 
scribed more  at  length  by  Bowman.    This  system  of  fibres  com- 
mences at  a  small  distance  from  the  border  of  the  cornea  at  the 
anterior  surface  of  Descemefs  membrane,  and  first  forms  an  elon- 
gated network  of  fine  fibrillse,  Hke  fine  elastic  fibrils  ;  these  then 
become  gradually  denser,  till,  at  the  border  of  the  cornea  itself, 
Descemefs  membrane  has  broken  up  in  its  entire  thickness  into  a 
network  of  thick  fibres  and  trabeculse,  which  divides  into  three 
portions.    The  one  part  turns  round  in  the  whole  circumference 
of  the  anterior  chamber  of  the  eye  in  the  form  of  numerous  pro- 
cesses, which  pass  freely  through  this  chamber  upon  the  anterior 
border  of  the  iris;  these  constitute  the  lig.  iridis  pectinatum,  and 
coalesce  with  the  anterior  parts  of  this  structure.   Another  portion 
passes  into  the  ciliary  ligament,  or  rather,  into  the  musculus 
ciliaris;    and  the  remainder  of  the   network   prolonged  from 
Descemefs  membrane  is  lost  in  the  inner  wall  of  the  canal  of 
Schlemm  (see  below,  under  the  account  of  the  itvea).  Descemefs 


MEMBRANE  OF  DEMOURS. 


[sect.  224. 


membrane,  accordingly,  does  not,  therefore,  terminate  with  a  sharp 
border,  as  is  usually  stated;  but,  as  Reichert  first  pointed  out, 
appears  to  pass  altogether  into  a  peculiar  fibrous  tissue.  Opinions 
are  divided  concerning  the  nature  of  these  fibres  ;  for  while  Reichert 
classifies  them  with  connective  tissue,  and  Brücke  regards  them  as 
peculiar,  Luschka  declares  that  they  belong  to  the  so-called  serous 
fibres  (i.e.^  fibres  of  elastic  tissae).  Bowman,  again  [Lectures, 
p.  21),  and  Henle  (Jahresh.,  1852,  p.  20),  consider  these  fibres  to 
be  partly  of  the  nature  of  elastic  tissue,  partly  of  connective  tissue, 
while  I  myself  view  them  as  a  form  intermediate  between  these 
tw^o  tissues.  The  truth  is,  that  these  fibres,  where  they  commence 
on  the  membrane  of  Descemet,  and  in  their  continuations  to  the 
wall  of  the  canal  of  Schlemm,  and  to  the  cilijiry  muscles,  seem  to 
belong  to  the  category  of  elastic  fibres  from  their  dark  contours, 
their  moderate  thickness,  and  homogeneous  appearance ;  while  the 
parts  which  are  continued  upon  the  iris  present  a  great  resemblance, 
morphologically,  to  connective  tissue,  viz.,  in  their  breadth  (0-004''' 
to  0*0 1 2'"),  their  paleness,  and  in  having  a  well  pronounced  striated 
appearance.  This  resemblance  is  so  striking,  that  I  formerly 
{Zeitsch.  /.  iviss.  Zool.,  i.  p.  54),  considered  this  portion  of  the 
fibres  as  being  a  reticulate  connective  tissue.  I  must  now,  how- 
ever, maintain,  as  in  the  first  edition  of  the  work  (notwithstanding 
the  assertion  of  Ilerile,  that  the  lig.  iridis  pectinatum  is  really 
connective  tissue),  that  these  fibres  in  man  differ  widely  from  con- 
nective tissue  in  their  rigidity,  in  their  reactions  towards  alkalies 
and  acids,  and  in  their  insolubility  even  on  long  boiling  in  water. 
They  are,  indeed,  closely  allied  to  the  elements  of  the  zonule  of 
Zinn,  which  Henle  himself  does  not  regard  as  connective  tissue. — 
Nevertheless,  I  must  observe,  that  in  animals  some  of  these  fibres 
do  possess  other  characters  than  in  man.  Thus,  in  the  rabbit,  I 
find,  in  their  place,  thick  bundles  of  connective  tissue  with  plasmatic 
cells,  or  immature  elastic  elements,  which  are  fixed  in  a  pointed 
manner  into  Descemet' s  membrane,  and  thence  expand  and  are  lost 
in  the  outer  part  of  the  iris  ;  in  birds,  on  the  other  hand,  the  fibres 
are  distinctly  those  of  elastic  tissue. 

The  epithelium  of  Demours's  membrane,  which  is  frequently 
found  destroyed  by  decomposition  in  the  human  subject,  is  a 
simple  layer,  0-002'"  to  0'003'"  thick,  of  beautiful  polygonal  cells, 
0-006'"  to  0-0 1 "'  in  size,  with  extremely  fine  and  pale  granular 
contents,  and  round  nuclei,  0-003'"  0-005"'  in  diameter.  Towards 
the  border  of  the  cornea  the  cells  become  smaller,  and  the  epithe- 
lium then  terminates  as  a  connected  layer.    On  the  other  hand, 
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isolated  streaks  of  epithelial  cells,  mostly  elongated,  or  even  fusiform, 
are  continued  over  the  fibrous  networks  of  the  %.  pectmatum 
(enclosing  its  elements)  to  the  border  of  the  iris,  where  a  complete 
epithelial  layer  again  appears. 

In  the  adult,  the  cornea  is  almost  entirely  destitute  of  vessels ; 
while,  on  the  other  hand,  as  J.  Müller  and  Henle  {De  Memhr. 
Fupill,  p.  44)  first  observed,  a  rich  vascular  network  occurs  in  the 
embryonic  conjunctiva  cornece  in  man  and  in  the  sheep,  but  this 
does  not  appear  to  extend  as  far  as  the  middle  of  the  cornea. 
Towards  the  end  of  foetal  life,  this  network  becomes  indistinct  in 
man  more  than  in  animals,  so  that  in  the  human  cornea  blood- 
vessels are  met  with  only  at  the  border,  in  a  ring  of  half  a  line,  or 
at  most,  of  one  line  in  breadth.  They  are  mostly  fine  and  finest 
capillaries,  0-002'"  to  0-004'"  in  diameter,  which  form  one  or  more 
series  of  curves,  and  thus  terminate  ;  they  likewise  lie  in  the  sub- 
stance of  the  conjunctiva,  which  here  extends  as  a  demonstrable 
lamina  for  some  distance  upon  the  cornea,  and  then  terminates  in 
its  anterior  structureless  layer.  These  superficial,  or  conjunctival 
vessels  also  occur  in  animals,  but  are  much  more  beautiful,  and 
extend  further  inwards,  often  to  one-half  the  radius  of  the  cornea, 
or  even  further.  In  addition  to  these,  deeper  capillaries,  derived 
from  the  sclerotic,  occur  in  the  cornea  itself,  and  these  mostly 
accompany  the  nervous  trunks ;  in  these  they  either  form  one  or 
more  very  elongated  loops,  or  they  extend  a  little  beyond  them : 
they  invariably  terminate  by  the  loops,  whose  finest  vessels,  as  in 
the  superficial  capillaries,  measure  scarcely  more  than  0-002"'  in 
diameter.  I  have  likewise  seen  these  proper  corneal  vessels  in 
man,  but  not  constantly,  and  never  so  well  developed  as  in  the 
lower  animals. 

Nothing  certain  is  known  of  the  lymphatic  vessels  of  the  cornea 
(compare,  also,  Arnold,  Anat.,  ii.  p.  988) ;  but  I  have  recently  ob- 
served some  peculiar  vessels  in  the  cornea  of  a  young  cat,  which  I 
can  scarcely  consider  as  being  anything  else  than  lymphatic  vessels. 
At  the  border  of  the  cornea,  aloug  with  very  distinct  capillary 
loops  containing  blood-corpuscles,  there  were  found  pale  vessels  of 
much  greater  width  (o^oi'"  to  o'oa"',  or  even  0-03'"  in  diameter), 
which  either  extended  singly  into  the  cornea,  as  far  as  the  blood- 
vessels, and  then  terminated  with  bulbous  or  pointed  extremities, 
or  else  formed  simple  loops  of  two,  three,  or  more  together,  from 
which  loops  other  ctecal  processes  were  frequently  given  off.  Not- 
withstanding their  width,  these  vessels  possessed  a  delicate,  struc- 
tureless coat,  with  scattered  nuclei,  and  they  contained  in  their 
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interior  a  clear  juice,  in  wliich  clear  round  cells,  exactly  like 
lympli-corpuscles,  were  to  be  seen;  these  were  usually  in  small 
numbers,  but  occasionally  were  very  numerous. 

The  nerves  of  the  cornea,  which  were  discovered  by  Schlemm, 
are  derived  from  the  7iervuU  ciliares,  enter  this  coat  at  the  anterior 
circumference  of  the  sclerotic  (in  the  rabbit,  according  to  Rahm, 
at  the  posterior  half  of  the  globe),  and  then  pass  from  it  into  the 
Fig.  218.  fibrous  layer  of  the  cornea. 

Here  they  are  readily  found  at 
the  border,  forming,  in  man, 
twenty-four  to  thirty- six  trunk- 
lets  of  various  degrees  of  fine- 
ness, but  scarcely  ever  exceed- 
ing 0'02'"  in  diameter.  These 
nerves  are  distinguished  by 
their  mode  of  distribution, 
which  is  effected  by  numerous 
dichotomous  divisions  and 
anastomoses,  so  that  a  wide 
nervous  network  is  produced, 
extending  through  the  whole 
cornea ;  they  are,  however, 
especially  remarkable  for  the 
circumstance,  that  they  contain  fine,  dark-bordered,  primitive  tubes 
(o-ooi'"  to  0-002"'),  only  at  the  margin  of  the  cornea,  within  a 
zone  half  a  line  to  one  line  in  average  breadth;  while  in  their 
further  course  they  possess  only  non-medullated  fibres,  completely 
clear  and  transparent,  measuring  0-0003'"  to  o'ooi'"  at  the  most: 
thus,  in  any  case,  they  do  not  impede  the  passage  of  the  rays  of 
light  more  than  the  other  elements  of  the  cornea,  as  is  evident 
from  the  difficulty  with  which  they  are  traced  under  the  micro- 
scope. Bifurcations  of  the  primitive  tubules  present  themselves, 
though  rarely,  in  the  trunks  of  these  nerves,  but  never  in  the 
plexus  formed  by  them,  the  condition  of  which,  however,  can 
scarcely  be  fully  investigated,  on  account  of  its  paleness.  This 
plexus  lies  in  the  proper  cornea,  but  nearer  to  the  anterior  surface ; 
and,  since  no  trace  of  free  terminations  of  nerve-fibres  is  to  be 
seen,  it  would  appear  to  consist  solely  of  anastomosing  twigs  of  the 
finest  kind,  so  that,  if  not  in  the  form  of  loops,  still  some  con- 
nection of  the  nerve-tubes  with  one  another  may  be  assumed. 

The  blood-vessels  of  the  conjunctiva  corneae,  of  healthy  individuals,  are  very 
scanty,  and  those  which  are  figured  by  Homer  (Ammon's  Zcitschr.  v.,  21,  tab.  i. 


Nerves  of  the  cornea  of  the  rabbit  in  their 
coarser  ramifications.  The  distance  to  which  the 
darlt-bordered  tnbes  extend  in  the  trunks  is 
here  expressed  by  the  darker  portions  of  the  lines. 
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figs.  9,  11),  and  Arnold  {Icon.  Org.  Sens,  ii.,  fig.  6),  I  regard  as  exceptional 
cases ;  but,  on  the  other  hand,  as  is  well  known,  these  vessels  become  so 
developed  in  inflammations,  that  they  cover  the  whole,  or  almost  the  whole, 
cornea.  The  proper  vessels  of  the  cornea  likewise  appear  in  such  cases  to  ex- 
tend further  inwards.  With  regard  to  the  vasa  serosa  corneae,  I  would  refer  to 
my  3Iicr.  Anat.  li.,  2,  p.  624,  seq. — The  cornea,  although  vascular  only  at  the 
border,  is  still  not  unfavourably  placed  with  reference  to  its  nutrition. 
Wounds  of  the  cornea  readily  heal  ;  portions  of  the  epithelium  or  even  of  the 
fibrous  layer  are  restored  after  removal,  and  ulcers  fill  up  from  the  bottom 
with  new  corneal  substance.  Depositions  of  fat  in  its  tissue,  especially  in  its 
cellular  bodies,  produce  at  the  border  (especially  above,  but  also  at  the  lower 
margin,  or  even  round  the  entire  circumference),  a  yellow  zone,  the  so-called 
*  arcus  senilis '  {gerontoxon).  In  all  pathological  alterations  of  the  cornea,  as 
His  has  clearly  shown,  the  cells  of  the  cornea  play  a  chief  part,  especially  by 
their  enlargement,  and  by  the  production  within  them  of  numerous  nuclei  or 
endogenous  cells,  a  change  on  which  all  subsequent  metamorphoses  appear  to 
follow  {His,  1.  c,  pp.  73 — 140),— On  the  membrane  of  Descemet  peculiar  warty 
excrescences  are  occasionally  found,  and  to  a  slight  degree  this  appearance 
is  not  uncommon  even  in  healthy  eyes  {H.  Müller). 

§  225.  Vascular  Tunic  or  Uvea. — The  second  tunic  of  the  eye- 
ball is  an  extremely  vascular  structure,  containing  a  large  amount 
of  pigment,  and  may  be  divided  into  a  larger  posterior  section,  the 
choroid,  and  a  smaller  anterior  portion,  the  iris. 

The  choroid  coat  extends  forwards  from  the  place  of  entrance  of 
the  optic  nerve  as  far  as  the  iris,  with  which  it  is  continuous.  In 
the  former  situation  it  presents  a  circular  aperture,  but  is  con- 
nected with  the  neurilemma  of  the  optic  nerve,  and  passes  trans- 
versely through  the  nerve  in  the  form  of  a  delicate  cribriform 
layer.  The  choroid  is  a  fragile  membrane  to  thick,  but 
at  the  anterior  border  of  the  sclerotic  it  forms  a  thicker  part,  the 
corpus  ciliare.  Its  outer  surface  is  pretty  intimately  attached  to 
the  sclerotic,  not  only  by  the  larger  vessels  and  nerves,  but  also  by 
other  means,  so  that  on  exposing  the  choroid,  a  part  of  it,  of 
greater  or  less  extent,  remains  fixed  on  the  sclerotic  as  a  delicate 
brown  tissue.  This  is  the  so-called  lamina  fusca  of  authors,  but 
there  is  no  sufiicient  reason  for  separating  it  from  the  choroid  and 
describing  it  as  a  special  coat ;  although  it  is  true  that  separate 
pigment  cells,  such  as  occur  in  it,  do  often  extend  in  among  the 
connective  tissue  of  the  sclerotic.  The  inner  surface  of  the  choroid 
is  smooth,  and  is  connected  with  the  retina  very  firmly  at  the  or  a 
serrata,  but  is  only  loosely  adherent  in  the  rest  of  its  extent :  on  the 
other  hand,  in  front  of  the  ora  serrata,  on  the  ciliary  processes 
particularly,  it  is  very  intimately  united  with  thenars  ciliaris  retince, 
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and  with  the  hyaloid  membrane  {zonula  Zinnii],  so  that  it  can 
never  be  completely  detached  from  these  spots. 

The  choroid  consists  essentially  of  two  parts,  of  a  thicker  ex- 
ternal vascular  lamina,  the  ijroper  choroid,  and  of  an  inner  dis- 
tinctly-coloured layer,  the  hlach  pigment  of  the  eye.    The  former, 
however,  can  be  divided  into  three  strata,  of  course  not  sharply 
separated  from  each  other;   they  are,  i,  an  outer  brown,  soft 
lamella,  which  supports  the  ciliary  nerves  and  long  ciliary  vessels, 
and  contains  anteriorly  the  musculus  ciliaris ;  this  is  named  the 
^external  pigment  lamina'    {lam.  fusca  et  supra- chorioidea  of 
authors);   2,  the  less-coloured  proper  vascular  layer,  with  the 
larger  arteries  and  veins ;  and,  3,  a  colourless  delicate  inner  layer, 
containing  an  extremely  rich  capillary  network,  the  7nembrana 
choriocapillaris,  which,  however,  does  not 
extend  further  forwards  than  the  ora  ser- 
rata.     With  regard  to  the  tissue  forming 
the  proper  choroid,  a  great  portion  is  made 
up  of  vessels  and  nerves,  and  of  the  ciliary 
muscle;   but  beyond  these  there  is  found 
a  peculiar  tissue,  which  I  classify  with  the 
elastic  tissue.     In  the  outer  parts  of  the 
tunic,  this  basement  tissue  or   stroma  is 
formed  by  nucleated  cells,  of  an  irregular,  fusi- 
form, or  stellate  shape,  and  either  quite  pale, 
or  containing  some  brown  pigment.  They 
measure  o'ooS'"  to  0*02'"  in  length,  and  ana- 
stomose irregularly  wdth  each  other  by  shorter 
and  longer  processes,  which  are  mostly  very 
delicate  (measuring  0-0005"'  in  breadth),  but  somewhat  rigid  and 
pale ;  by  the  large  number  of  these  anastomoses  a  loose  mem- 
branous tissue  results,  which  resembles  in  many  respects  the 
fine-fibred  elastic  membranes.    In  the  inner  layers  of  the  choroid, 
and  especially  in  the  membrana  choriocapillaris,  these  cellular 
networks,  which  I  class  with  the  networks  of  plasmatic  cells, 
gradually  pass  into  a  homogeneous  nucleated  tissue,  at  first  with 
a  little  pigment,  but  afterwards  colourless,  which  is  distinguished 
from  connective  tissue  by  its  resistance  to  acids  and  alkalies.  This 
tissue  terminates  close  upon  the  black  pigment,  by  a  delicate 
membrane  without  structure,  or  finely  fibrous,  which  may  be 
exhibited  separately,  and  is  0-0006'"  thick;  this  I  have  named  the 
'  elastic  lamella  of  the  choroid.' 

The  ligamentum  ciliare  of  anatomists,  called  also,  musculus 


Cells  from  the  stroma  of 
the  choroid,  a.  pigmen- 
tated  cells  ;  b.  pigmentless 
fusiform  ones;  c,  anasto- 
moses of  the  former  ;  mag- 
nified 350  times.   Of  man. 
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ciliaris  s.  tensor  chorioidea,  was  recognised  as  being  of  a  muscular 
nature^  almost  simultaneously  by  Brücke  and  Bowman  :  it  is  a 
tolerably  thick  lamina,  of  radiating,  smootli  muscular  fasciculi^ 
whicli  pass  from  the  most  anterior  border  of  the  sclerotic  to  the 
co7yus  ciliare,  and  are  lost  in  the  anterior  half  of  that  body,  at 
the  spot  corresponding  to  the  situation  of  the  ciliary  processes 
internally.  More  accurately  described,  the  ciliary  muscle  arises 
at  that  part  of  the  sclerotic  where  it  is  furrowed  for  the  formation 
of  the  venous  sinus  of  Schlemm ;  indeed  it  is  from  a  special  dense, 
smooth  tract,  which  forms  the  inner  wall  of  the  above-mentioned 
canab  and  coalesces  with  the  sclerotic,  receiving  a  part  of  the 
fibrous  networks  prolonged  from  the  membrane  of  Demours ;  the 
last-mentioned  fibres  coalesce  perfectly  with  the  similar  elements 
of  the  special  tract,  which  are,  however,  finer,  anastomose  more 
densely,  and  have  a  circular  direction.  The  termination  of  the 
ciliary  muscle  is  at  the  attached  part  of  the  ciliary  processes,  but 
not  in  these  structures  themselves.  The  muscular  elements  are 
somewhat  shorter  (0-02"')  and  broader  (0'003'''  to  0-004")  than 
the  ordinary  fibre  cells,  and  are  finely  granular  and  very  delicate; 
they  are,  indeed,  so  perishable,  that  they  cannot  easily  be  isolated 
in  the  human  subject.  Very  lately,  H.  Müller  has  discovered  a 
circular  muscular  layer,  quite  anteriorly  beneath  the  radiating 
fibres  of  the  ciliary  muscle ;  and  this  may  be  called  the  '  circular 
muscle  of  Müller.' 

The  Mach  pigment  completely  lines  the  inner  surface  of  the 
choroid  membrane,  as  a  connected  purely  cellular  lamina,  which 
consists,  as  far  forwards  as  the  ora  serrata,  of  a  single  layer  of 
beautiful  cells,  almost  regularly  hexagonal,  o'oo6'''  to  o'OoS'''  in 
diameter,  and  0-004'''  in  thickness,  dis-  Fig.  220. 

posed  in  the  manner  of  a  mosaic ;  the  « 


allows  the  cell-nucleus  to  appear  only  ^^^^HB|fc 
as  a  clear  spot  in  the  interior ;  but  this 


large   quantity  of  pigment  in  them 

nucleus  is  seen  on  a  lateral  view  to  be  ^^^^ 
situated  in  the  outer  half  of  the  cells,  "o'^/^ 
where  they  are   poorer   in  pigment 

D-rfiT-inlps!  From  thp  ora  SPrrata  on-  Cells  of  the  black  pigment  of  man. 
granules.       riom    XUe   Oia   Seiiata    on-         seen  from  the  surface,  6.  from  the 

wards,  the  pigment-cells  are  arranged    side ;  c.  pigment  granules, 
in  two  or  more  layers,  becoming  roundish,  smaller,  and  quite 
filled  with  pigment,  so  that  even  the  nuclei  are  scarcely  visible. 
All  the  pigment-cells  have  very  delicate  w-alls,  and  are  very  readily 
ruptured  by  pressure ;  their  pigment  consists  of  extremely  small, 

N  N  2 
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flattened,  oMong  corpuscles,  0-0007"'  in  length  at  the  most,  uhich, 
even  within  the  cells,  but  more  distinctly  Avhen  they  are  free, 
present  in  a  well  marked  manner,  the  phenomenon  of  moleciüar 
movement.— In  the  eyes  of  Albinos,  and  also,  in  a  part  at  least, 
of  the  eve  of  animals,  in  the  region  of  the  tapetiim,  the  pigment 
of  the  choroid  is  absent ;  the  cells,  however,  which  nsuaUy  contain 
the  pigment,  are  themselves  present  in  both  these  cases,  only  they 
are  perfectly  pale. 

The  Jr/^ 'differs  from  the  choroid  in  containhig  a  true  connective 
tissue,  whose  delicate  loose  bundles  constitute  the  chief  mass  of 
the  stroma  of  the  membrane ;  their  course  is  in  part  radiating,  in 
part  circular,  especially  at  the  ciliary  border,  where  they  are 
variously  interwoven  with  each  other.  Towards  the  surface  of  the 
iris,  these  loose  bundles  become  converted  into  a  more  homo- 
o-eneous  laver ;  and  in  this  there  occurs,  i,  a  great  number  of  cells, 
or  plasmatic  cells,  frequently  containing  pigment,  and  mostly 
fusiform  and  stellate,  more  rarely  roundish  in  shape ;  some  of  these 
anastomose  in  a  reticulate  manner ;  2,  a  small  number  of  pale,  rigid 
fibres  like  elastic  fibres,  which  extend  as  processes  of  the  ligamen- 
tum  irUiis  jxctinatum,  or  of  Bcmours'  membrane,  over  a  part  of 
the  anterior  surface  as  far  as  to  the  a?2 72!////.^  minor;  3,  lastly,  ^the 
Fig.  221.  smooth  muscular  fibres  of  the  iris, 

a   ^_         which  are  exactly  of  the  same  natirre 

as  those  of  the  choroid.    These  last 
form  in  man  a  very  distinct  sphincter 
|::  '"^    muscle  {sphincter  piipillcB),  in  the  iovm 

of  a  smooth  ring,        broad,  situated 
;  exactly  at  the  pupillary  border,  and 

;  somewhat  nearer  the  posterior  surface; 

,  •/    ^  v  A        ill  a  blue  iris,  this  can  readily  be  re- 

;    ^      t  i  '"c  ^  cognised  after  the  removal  of  the  pos- 

'     "  >         ;  terior  pigment,  either  before  or  after 

;t  ,   ;  the  employment  of  acetic  acid;  and  it 

.  ,  '  ;      ,  y.  ,  con  also  be  separated  into  its  elements, 

,  ,  ;  '■:  V  ;  ,  '  , .  0-02"'  to  0-03'"  in  length.  Besides  this 
ii  larger  muscular  ring,  I  find  in  the 

A  pavt  of  The  sphiacter  and  dilator    ppo^on  of   the  amiulus  iridis  niiuor, 

pupillK  01  the  wliite  rabhit,  treated  o 

^n:thaeeüe  acid :  raas-nirk a  350  times.  ^^-^othcr    VCrV    naiTOW    mUSCUlar  riUg, 

a.  sphincter ;  b.  lasciculi  oi  the  di-  ^^^^^     ^  <J 

lator;  c.  connective  tissue  ^ith  plas-  •      j^peadtll,  and  UCarcr  tO  the  aU- 

matic  cells,  which  has  become  trans.  4  0  -,       •  •         x  i 

parent.  tcrior  surfacc  of  the  ins.    i  have  not 

yet,  like  Brücl'c,  traced  the  dilator  pupilloe  up  to  the  Uganientiun 
pcctinatum,  and  to  the  border  of  the  vitreous  lamella  of  the 
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cornea ;  it  rather  appearing  to  me  to  commence  in  the  substance 
of  the  iris  at  the  ciliary  border.  It  consists  of  numerous  narrow 
fasciculi,  which,  far  from  forming  a  connected  membrane,  run 
inwards  independently  between  the  vessels,  on  the  posterior  sur- 
face of  the  iris  more  than  on  the  anterior,  and  become  inserted 
at  the  border  of  the  sphincter. 

The  iris  also  differs  from  the  choroid  in  possessing  a  layer  of 
cells  on  its  anterior  and  posterior  surfaces.  The  latter,  the  so- 
called  twea  of  authors,  or  the  black  pigment  of  the  iris,  is  a  layer, 
o'ooS'"  to  0-0 1'"  thick,  of  small  cells  densely  filled  with  pigment, 
similar  to  those  of  the  corpus  ciliare,  with  which  they  are  also 
uninterruptedly  connected ;  this  layer  covers  the  whole  posterior 
surface  of  the  iris,  and  extends  up  to  the  border  of  the  pupil.  On 
folding  the  iris,  the  pigment  layer  appears  limited  on  its  free 
surface  by  a  fine  but  well  marked  line,  which  has  been  described 
by  several  anatomists  as  a  special  membrane  ('membrana  pigmenti,' 
Krause ;  '  membrana  limitans,'  Pacini,  Brücke,  and  II.  Müller ; 
M.  Jacobi,  Arnold)-,  and  in  truth  it  may  be  partially  raised  from 
the  pigment  in  old  eyes,  or  after  the  addition  of  alkalies.  Since, 
however,  in  such  cases  the  pigment-lamina  is  always  destitute  of  a 
sharp  contour,  and  its  granules  are  exposed  and  scattered,  this  mem- 
brane appears  to  me  to  be  nothing  but  the  outer  walls  of  the  pig- 
ment-cells united  together,  so  that  they  may  be  separated  apparently 
as  a  special  membrane. — The  layer  of  cells  of  the  anterior  surface 
of  the  iris,  is  a  simple  epithelium,  of  roundish  and  considerably 
flattened  cells ;  and  when  the  iris  is  folded,  this  layer  does  not 
appear  as  a  continuous  clear  edge  of  uniform  width,  but  is  dis- 
tinguished rather  by  the  separate  slight  elevations  on  it.  This 
layer  may  be  still  better  recognised  when  the  iris  is  viewed  on  its 
surface,  after  the  removal  of  the  posterior  pigment,  and  also  in 
scrapings  of  the  anterior  surface  of  the  iris. — The  colour  of  the  iris, 
in  blue  eyes,  is  simply  owing  to  the  posterior  pigment  seen  through 
it;  while  in  yellowish-brown,  brown  and  black  eyes,  the  colour 
is  due  to  a  special  pigment,  which  is  very  irregularly  distributed 
through  the  iris,  and  then  produces  the  peculiar  appearances  seen  on 
the  anterior  surface.  The  pigment  is  situated,  firstly,  in  the  stroma 
itself,  especially  in  its  plasmatic  cells ;  secondly,  it  appears  to  me 
to  exist  free  between  the  fibres  and  vessels,  and  in  the  fibre-cells 
of  the  sphincter  pupillse;  lastly,  it  is  found  in  the  anterior  epi- 
thelial layer,  where  it  consists  of  larger  and  smaller  granules, 
heaps   and   stripes  irregularly  disposed,  and  having  a  yellow, 
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orange,  or  brownisli  colour ;  the  regular  pigment  granules  of  the 
proper  pigment  of  the  eye  never  being  found  here. 

The  vessels  of  the  choroid  and  iris  are  extremely  numerous,  and 
present  different  conditions  in  the  several  parts.  The  choroid 
receives  its  blood  from  the  art.  ciliares  posteriores  breves,  about 
twenty  small  vessels,  which  penetrate  the  sclerotic  at  the  posterior 
circumference  of  the  eye-ball,  at  a  variable  distance  from  the  optic 
nerve,  and  then  run  forwards,  dividing  dichotomously  in  the  mid- 
dle or  vascular  layer  of  it,  where  they  divide  into  three  kinds  of 
branches  :  i,  an  external  series,  which  attain  a  certain  fineness  by 
continued  division,  and  then  pass  directly  into  the  vena^  vorticoscß ; 
2,  an  internal  set,  which  pass  into  a  capillary  network  immediately 
beneath  the  pigment  of  the  so-called  memhrana  chorio- capillar  is  ; 

and,  3,  an  anterior  series,  which  are  continued 
into  the  corpus  ciliare  and  the   iris.  The 
above-mentioned  capillary  netivorh  of  the  in- 
nermost layer  of  the  choroid,  which  lies  on  the 
inner  side  of  the  tapetum  in  animals  which 
possess  this  structure,  may  be  readily  demon- 
strated as  a  special  membrane ;  indeed  it  may 
be  partially  shown  even  in  man,  in  injected 
and  fresh  preparations,  and  it  forms  one  of  the 
densest  and  most  beautiful  plexuses  ever  met 
with,  for  the  meshes  between  vessels  of  0*004''', 
themselves  measure  only  0*002'"  to  0*005"'',  and 
the  capillaries  proceed  in  a  stellate  manner 
from  the   larger  vessels.     As  already  men- 
tioned, this  network  reaches  only  as  far  as  to 
the  ora  serrata,  where  it  gives  place  to  some- 
what coarser  vascular  convolutions  with  vessels 
0  004'"  in  diameter,  derived  from  the  anterior 
branches  of  the  ciliares  posticce  breves;  these 
form  the  processus  ciliares,  and  are  so  thick, 
that  besides  the  vessels  and  a  more  homogene- 
ous envelope  supporting  the  ciliary  processes, 
no  other  tissue  appears  to  be  present  in  them. 
The  blood  is  returned  from  these  different  re- 
gions (and  from  the  ciliary  muscle,  which  like- 
wise  receives   some   twigs   from  the  above- 
mentioned  arteries) ,  chiefly  by  the  vence  vorticosa, 
which  lie  upon  the  arteries,  two  above  and  two  below  (sometimes 


Vessels  of  the  choroid 
and  iris  of  a  cliild,  after 
Arnold,  seen  from  within, 
and  magnified  10  times. 
a.  capillary  networlc  of  the 
posterior  section  of  the 
choroid,  terminating  at  the 
ora  serrata,  b ;  c.  arteries 
of  the  corona  ciliaris,  sup- 
plying the  ciliary  processes 
d,  and  partly  proceeding 
to  e,  the  iris ;  /.  capillary 
network  of  the  inner  sur- 
face of  the  pupillary  border 
of  the  iris. 
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five  and  six),  and  form  beautiful  stellate  figures  or  whorls;  it  is 
returned  also  in  the  fundus  of  the  eye-ball,  by  some  small  ven^s 
ciliares  posticce  breves,  and  all  of  these  veins  penetrate  the  sclerotic 
in  the  same  manner  as  the  arteries. 

The  Iris  receives  its  blood,  firstly,  from  the  arteries  of  the 
choroid  coat ;  and,  secondly,  from  the  art.  ciliares  posticus  longts, 
and  the  art.  ciliares  anticce.  The  anterior  branches  of  the  former 
vessels  either  pass  directly  into  the  iris,  between  the  ciliary  processes, 
or,  after  supplying  the  ciliary  processes,  form  small  trunldets  at 
their  border  and  anterior  end,  and  these  likewise  proceed  onwards 
to  the  iris.  The  long  ciHary  arteries,  two  in  number,  penetrate 
the  sclerotic  on  the  right  and  left,  somewhat  in  front  of  the 
shorter  vessels  of  the  same  name,  and  run  in  the  outer  pigmentary 
layer  of  the  choroid,  as  far  as  to  the  tensor  chorioid(S ;  here  each 
divides  into  two  branches,  and  unites  with  the  art.  ciliares  anticce 
(which,  three  to  six  in  number,  penetrate  the  sclerotic),  producing 
in  the  muscle  mentioned  an  irregular  arterial  ring,  the  circulus 
art.  iridis  major.  From  this  circle  very  many  radiated  and  tor- 
tuous branches  are  given  ofl"  into  the  iris,  and  small  vessels  arise 
either  from  the  circle,  or  from  the  vessels  forming  it,  for  the  supply 
of  the  tensor  muscle.  Arrived  at  the  iris,  these  vessels  are  dis- 
tributed along  with  the  above-mentioned  arteries  from  the  choroid 
coat,  partly  producing  a  small  number  of  true  capillaries,  one 
layer  more  especially  being  situated  on  the  posterior  surface  of 
the  pupillary  border  beneath  the  pigment  [Arnold) ;  another  part 
of  the  vessels  running  (with  some  dividing  continually)  as  far  as 
the  border  of  the  pupil,  wehere  they  bend  round  and  return  into 
the  veins  by  loops  of  delicate  but  not  capillary  vessels,  which  form 
a  second  circulus  arteriosus  minor,  usually  imperfect,  in  the 
region  of  the  annulus  iridis  minor.  The  veins  of  the  iris  arise 
from  the  above-mentioned  arteries  and  capillaries ;  they  form  fre- 
quent transverse  anastomoses,  but  they  also  run  chiefly  in  a  radiating 
manner ;  they  open,  i,  into  tlie  vasa  vorticosa,  especially  those 
veins  which  spring  from  the  posterior  surface  of  the  iris ;  2,  into 
the  vencE  ciliares  posticce  ;  and,  3,  according  to  Arnold  suciAEetzius, 
into  the  canal  of  Sc Jilemm,  ^narrow  circular  canal  situated  between 
the  most  anterior  border  of  the  choroid  and  sclerotic,  from  which 
the  venulce  ciliares  arise,  and  conduct  the  blood  outwards  through 
the  sclerotic. 

The  nerves  of  the  tunica  vasculosa  are  likewise  very  numerous, 
but  are  destined  exclusively  for  the  cihary  muscle  and  for  the  iris. 
The  nervuli  ciliares  penetrate  the  sclerotic  posteriorly  with  fifteen 
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to  eighteen  trnnklets^  extend  forwards  in  the  outer  lamella  of  the 
choroid,  partly  in  furrows  of  the  sclerotic,  and  divide  several  times 
in  a  forked  manner,  even  before  their  entrance  into  the  ciliary 
muscle.  Here  they  break  up  into  a  rich  and  dense  plexus,  from 
which  numerous  filaments  are  distributed  to  the  muscle  and  the 
cornea,  and  the  remainder  form  the  proper  nerves  of  the  iris. 
The  latter  nerves  accompanying  the  blood-vessels,  dividing  re- 
peatedly and  forming  anastomoses,  especially  in  the  situation  of 
the  annulus  minor,  until  they  reach  the  pupillary  border,  where 

they  terminate,  probably 
by  free  extremities,  after 
repeated  division  and  the 
formation  of  loops.  The 
elements  of  all  these 
nerves  are  moderately 
fine,  and  fine  tubules 
(0-002'"  to  0*004"' )  in  the 
trunks,  while  in  the  iris 
they  measure  only  O'ooi"' 
to  0'002"'  in  diameter. 

§  226.  The  Retina. — 
The  retina  is  the  innermost  of  the  five  tunics  of  the  eye-ball,  and 
lies  close  upon  the  vascular  tunic;  in  its  proper  nervous  ele- 
ments, however,  it  terminates  at  the  ora  serrata  by  an  undulated 
border,  mar  go  undulato-dentatus  s.  ora  serrata  retince,  where  it  is 
very  intimately  connected  with  the  choroid  on  the  one  hand,  and 
with  the  hyaloid  membrane  on  the  other.  The  retina  is  con- 
tinued upon  the  ciliary  part  of  the  hyaloid  membrane  by  a 
peculiar  cellular  layer,  which  will  be  spoken  of  hereafter. 

The  retina  is  a  delicate  mem.brane,  almost  perfectly  transparent 
and  clear  when  recent,  but  becoming,  soon  after  death,  whitish  and 
opaque.  It  commences  at  the  place  of  entrance  of  the  optic 
nerve,  being  in  part  connected  continuously  with  it.  It  possesses, 
at  first,  a  thickness  of  o-i"',but  soon  becomes  attenuated  anteriorly 
to  o-o6"',  till  at  last,  near  its  anterior  border,  it  measures  only 
0'04"',  terminating  eventually  by  a  very  well  defined  edge.  Not- 
withstanding the  variations  in  its  thickness,  the  following  laminse 
may  be  everywhere  distinctly  observed  in  the  retina;  they  are 
enumerated  in  their  order  from  without  inwards:  i,  the  layer 
of  the  rods  and  cones;  2,  the  granular  layer;  3,  the  layer  of 
grey  nervous  substance ;  4,  the  expansion  of  the  optic  nerve ;  and. 
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Nerves  of  one-half  of  the  iris  of  a  white  rahhit;  treated 
with  caiistic  soda,  and  magnified  60  times,  a.  nervnli 
ciliares  ;  b.  anastomoses  of  tlie  same  at  the  border  of  the 
iris;  c. larper  arcuate  connections  of  the  same  in  the  iris  ; 
c.  tiner  networks  of  the  same  in  the  inner  parts  ;  d.  ter- 
minations of  separate  nervous  filaments  towards  the  ex- 
terior of  the  iris  ;  e.  sphincter  pupillae. 
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5,  the  limitary  membrane ;  these  layers,  with  the  exception  of 
the  innermost  lamina,  which  is  everywhere  equally  thick,  in 


Fie.  224. 


A 


general  become  thinner  as  they  are  traced  for- 
wards, corresponding  to  the  diminished  thick- 
ness of  the  retina  as  a  whole. 

I.  The  layer  of  the  rods  and  cones,  stratum 
hacillorwn  s.  memhrana  Jacohi  (fig.  224,  i),  is 
a  very  remarkable  layer,  composed  extremely 
regularly  of  innumerable  strongly  reflecting 
bodies  cylindrical  and  conical  in  form.  This 
stratum  in  animals  has  hitherto  (except  by  H. 
Müller,  vide  infra)  been  quite  incorrectly  in- 
terpreted, and  even  in  man  it  has  been  but 
very  superficially  known.  It  consists  of  two 
elements,  the  rods,  bacilli,  and  the  cones,  which 
together  form  a  single  layer,  whose  thickness 
at  the  bottom  of  the  eye  is  0-036'",  further  on 
diminishing  to  0-030"',  and  quite  anteriorly 
becoming  0-028'"  in  thickness.  These  elements 
are  in  general  so  arranged,  that  the  more 
numerous  rods  are  directed  with  their  thick 
extremities  outwards,  while  exactly  the  reverse 
is  the  case  with  the  cones ;  and  it  is  on  this 
account  that  the  latter,  on  imperfect  investi- 
gation, appear  to  constitute  an  inner,  special, 
narrower,  layer  situated  between  the  inner  ex- 
tremities of  "^the  rods.  The  stratum  bacillorum 
terminates  internally  with  a  pretty  sharp  line, 
the  limitary  line  of  the  layer  of  rods,  produced 
by  numerous  lateral  projections  of  its  elements 
abutting  upon  each  other. 

The  rods,  (fig.  225,  2),  in  man,  are  long,  nar- 
row, cylindrical  bodies,  which  possess  the  same  breadth  throughout 
the  whole  thickness  of  the  bacillar  layer,  and  are  continued  from  the 
inner  end  into  the  more  internal  layers  of  the  retina,  by  means  of 
a  thin  process,  or  the  filament  of  Müller.  Every  rod  is  a  cylinder, 
0-028'"  to  0-036"'  long,  0-0008  "  broad,  transversely  truncated  at 
the  outer  extremity,  while  the  inner  extremity  tapers  into  a  short 
point,  0-002'"  to  0-003"'  long,  on  the  level  of  the  limitary  line 
of  the  bacillar  layer,  the  point  being  frequently  marked  off  from 
the  rest  of  the  rod  by  a  delicate  transverse  line,  and,  therefore, 
more  properly  belonging  to  the  filament  of  the  rod.    From  this 


tion  of  the  human  re- 
tina, made  six  lines 
anterior  to  tlie  en- 
trance of  the  optic 
nerve ;  magnified  350 
times.  1.  bacillar  lay- 
er ;  2.  outer  granular 
layer;  3.  intermedi- 
ate granular  layer ; 
4.  inner  granular  lay- 
er ;  5.  finely  granular 
grey  layer;  6.  layer 
of  nerve  -  cells  ;  7. 
fibres  of  the  optic 
nerve  ;  8.  membrana 
limitans. 
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thick, 


point  the  rod  is  continued  by  an  extremely  delicate  filament, 

which  becomes  connected  with  the 
other  elements  of  the  retina  in  the 
manner  to  be  afterwards  described. 
— The  substance  of  the  rods  is  clear, 
homogeneous,  with  a  slightly  fatty 
lustre,  very  soft  and  pliant,  but  at 
the  same  time  very  brittle,  so  that 
it  is  only  in  perfectly  fresh  eyes  that 
their  true  length  can  be  recognised. 
Their  delicacy  is  so  great,  that  they 
undergo  the  most  diverse  alterations 
even  in  water,  and  become  very 
difficult  of  recognition,  curving  into 
the  form  of  hooks,  rolling  them- 
selves up  or  becoming  twisted, 
breaking  into  two  or  more  pieces, 
and  effusing  clear  drops,  which  are 
often  found  in  enormous  numbers 
upon  the  outer  side  of  the  retina, 
partly  coming  from  the  rods,  partly 
from  the  ruptured  pigment- cells  of 
the  choroid.  One  of  the  most  usual 
alterations  is,  that  the  point,  when 
it  does  not  fall  off,  as  is  frequently 
the  case,  assumes  an  inflated  varicose 
shape,  becoming  lancet-shaped,  or 
even  transformed  into  a  globule, 
to  which  the  filament  is  still  attach- 
ed ;  to  this  is  frequently  superadded 
a  hook-like  curve,  or  a  slight  swel- 
ling of  the  obtuse  extremity  of  the 
rods.  The  rods  are  almost  invariably 
much  altered  by  re-agents,  especially 
the  rods  themselves,  which,  not- 
withstanding their  greater  breadth, 
offer  less  resistance  than  the  filaments.  Ether  and  alcohol  cause 
them  to  shrivel  up,  and  render  them  scarcely  recognisable,  but 
they  are  not  soluble  either  in  these  re-agents  or  in  boiling  water. 
In  acetic  acid  of  10  per  cent,  they  shorten  instantaneously  to  a 
great  degree,  become  distended  at  several  places,  and  break  up 
into  transparent  globules,  which  resist  at  first,  but  disappear  after 


Elements  of  the  baeillar  layer  in  connec- 
tion with  the  fibres  of  Müller.  From  the 
human  retina,  magnified  350  times.  1. 
cones,  with  fibres  of  Müller;  a.  thicker 
part  of  the  cone,  or  proper  cone ;  b.  rods 
upon  the  same,  one  longer  than  the  other  ; 

c.  circular  line  at  the  inner  end  of  the 
cone ;  d.  nucleated  swelling  (cell-body)  of 
the  same  already  in  the  outer  granular 
layer ;  e.  fibre  of  Müller,  into  which  it  is 
continued;  e.  lateral  process  from  one  of 
these  fibres,  passing  inwards;  /.  granule 
(cell)  of  the  inner  granular  layer  ;  g.  inter- 
nal termination  of  the  fibre  of  Müller.  2. 
rods  with  Miillerian  fibres;  a.  rod;  b. 
transverse  line  at  its  inner  extremity ;  c. 
commencement  of  the  filament  of  Müller  ; 

d.  granules  of  the  outer  granular  layer, 
one  seated  close  to  the  rod  ;  e.  fibres  of 
Müller  in  the  intermediate  granular  layer ; 
/.  inner  granules ;  /'.  one  of  them  with  a 
lateral  process ;  g.  internal  extremities  of 
the  fibres  of  Müller.  3.  an  inner  granule, 
a,  with  three  processes,  of  which  the  ex- 
ternal one  gives  off  branches,  and  supports 
several  other  granules,  b,  together  with 
rods,  of  which  only  one  is  figured. 
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a  time:  (acetic  acid,  added  to  the  rods  of  the  frog's  retina,  causes 
them  to  swell  up  to  two  or  three  times  their  original  size,  and 
generally  makes  them  roll  up.)  Concentrated  acetic  acid,  as  well 
as  alkalies  and  mineral  acids,  dissolve  them  in  a  short  time,  while, 
on  the  other  hand,  diluted  chromic  acid  is  their  best  preservative, 
although  it  causes  them  to  shrivel  somewhat ; 
with  strong  syrup  and  sulphuric  acid  they  be- 
come red,  while  nitric  acid  and  potash  colour 
make  them  yellowish. — Taking  all  together,  we 
may,  perhaps,  be  allowed  to  regard  the  main 
constituent  of  those  structures  as  a  protein  sub- 
stance, and  to  look  upon  the  rods  themselves 
as  delicate  tubes,  with  viscid  albuminoid  con- 
tents. 

The  cones  (fig.  225,  i)  are  somewhat  shorter 
rods,  provided  at  their  inner  extremity  with 
a  conical  or  pyriform  body,  whose  length 
(0-007'''  0-0I5'")  is  equal  to  half  the  thick- 
ness of  the  bacillar  layer,  and  measures  0*0020"' 
to  0*0030'"  in  breadth.  Each  of  these  cones 
consists,  when  fresh,  of  an  almost  homogene- 
ous or  extremely  finely  granular  substance,  with 
a  slight  lustre  resembling  that  which  forms  the 
rods,  except  that  it  is  clearer;  it  undergoes 
changes  with  almost  the  same  facility,  especially 
having  a  great  tendency  to  swell  up.  The  rods, 
which  are  continued  externally  from  the  cones, 
or  the  cone-rodsy  are  sometimes  just  as  long  as 
the  free  rods,  sometimes  a  little  shorter.  Un- 
like the  rods,  however,  the  cones  are  continued  by  a  constricted 
portion  into  a  pyriform  swelling,  0'003"'  long,  containing  a  cell- 
nucleus  ;  this  may  be  termed  the  cone-granule,  and  it  lies  in  the 
outer  granular  layer,  being  united  by  a  fine  filament,  similar  to 
that  of  the  rods,  with  the  inner  parts  of  the  retina. 

The  rods  and  the  cones  are  situated  close  to  one  another,  and 
are  arranged  perpendicularly  upon  the  retina,  in  the  manner  of 
palisades,  the  one  extremity  being  directed  outwards  towards  the 
choroid,  the  other  towards  the  granular  layer.  The  cones  form  an 
almost  continuous  layer  (fig.  227,  2)  in  the  neighbourhood  of  the 
yellow  spot,  the  rods  being  arranged  only  in  simple  series  between 
them ;  further  forwards,  however,  they  separate  from  each  other, 
being  distant  at  first,  0'002'"  to  o'003'",  and  in  the  anterior  parts 


Fig.  226. 


Altered  elements  of  the 
bacillar  la,yer  of  the  hu- 
man retina.  1.  rods  de- 
tached from  their  fila- 
ments ;  yarioiisly  notched, 
carved,  and  varicose, 
some  of  them  brolten;  2. 
two  cones  enlarged  by 
chromic  acid,  showing 
their  granular  contents 
and  shining  nucleus,  one 
of  thera  with  a  shortened 
rod,  the  other  with  a  rod 
swollen  at  the  extremity ; 
a.  rods;  Ö.  cones;  c.  nu- 
cleus ;  d.  fibres  of  Midler 
torn  off.  Magnified  350 
times. 
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of  the  retina  they  are  even  o'OO^'"  to  0-005'"  apart  (fig.  227,  3),  and 
more  rods  are  situated  between  them.  The  bacillar  layer  presents 
on  its  external  aspect,  when  the  outermost  surface  is  brought  into 
focus,  roundish  spaces  more  or  less  scattered,  and  filled  with  a 
clear  uniting  substance  (which  occurs  elsewhere  between  the 
elements  of  this  layer,  and,  in  the  horse,  forms  a  sort  of  mem- 
brane, Müller) ;  these  spaces  correspond  to  the  cones,  and  in  the 
centre  of  them  a  small  dark  circle  appears,  which  is  the  terminal 
surface,  or  the  apparent  section  of  the  rod  seated  upon  the  cone, 
while  around  the  spaces  the  closely-crowded  terminal  surfaces  of  the 
proper  rods  are  seen  arranged  in  the  manner 
of  a  mosaic,  in  simple,  double,  or  multiple 
reticulated  lines  (fig.  227). 

2.  The  granular  layer,  stratum  granulo- 
sum  (fig.  224),  consists  of  clear  granular 
bodies,  which  become  dark  in  water  and 
reflect  the  light  pretty  strongly.  They  are 
of  round  or  oval  form,  0'002'''  to  0*004'^'' 
in  size,  sometimes  look  like  free  nuclei,  some- 
times like  small  cells  almost  completely 
filled  with  large  nuclei ;  yet,  according  to 
my  own  observation,  all  would  seem  to  be- 
long to  the  latter  category.  I  find,  indeed, 
especially  in  chromic  acid  preparations,  that 
very  fine  filaments,  o*oo02"'  to  o'ooo3"'' 
thick,  pass  off  regularly  from  each  of  these  bodies  in  both  direc- 
tions, and  that  these  filaments  distinctly  proceed,  in  many  cases, 
from  a  pale  contour  around  the  cell,  so  that  the  whole  bears  a 
great  resembance  to  a  bi-polar  ganglion  cell  in  miniature.  In 
man,  the  granules  are  everywhere  arranged  in  two  layers,  an 
outer  thicker,  O'oiS"'  to  o'026'''  (fig.  224,  2),  and  an  inner  thinner 
(fig.  224,  4)  layer,  0-012"'  to  0-026'",  which  are  separated  from 
each  other  by  a  clear  layer,  finely  granulated  and  perpendicularly 
striated,  o'oio'"  to  0-039"'  in  thickness,  which  may  be  named  the 
'  intermediate  granular  layer.''  The  outer  granular  layer  consists 
of  the  proper  outer  granules  (fig.  225,  2,  d),  connected  with  the 
filiform  processes  of  the  rods,  the  rod-granules ;  it  also  comprises 
the  cone-granules  (fig.  225,  i,  d)^  already  described.  The  granules 
of  the  inner  lamina  also,  which  are  slightly  larger  than  those  of 
the  outer  layer,  are  connected  both  with  tlie  filaments  of  the  rods 
and  with  those  of  the  cones. 

3.  The  layer  of  grey  cerebral  substance  (fig.  224,  5,  6),  extends 
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Fig.  227. 


Bacillar  layer  seen  from 
■without.  1.  at  the  yellow 
spot  (only  cones) ;  2.  at  the 
honndary  of  this  spot ;  3. 
from  the  middle  of  the  re- 
tina ;  a.  the  cones,  or  the 
spaces  corresponding  to 
them  •,  b.  rods  of  the  cones, 
the  terminal  surface  of 
which  is  often  situated 
deeper  than  the  ends  of 
the  proper  rods,  c;  mag.  350 
times. 
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in  a  variable  amount  between  the  elements  of  the  granular  layer, 
from  which  it  is  rather  sharply  marked  off,  and  the  fibres  of  the 
optic  nerve,  from  which  it  is  less  abruptly  defined.  It  everywhere 
consists  of  two  portions  :  i,  an  outer  layer  finely  granular  and 
finely  fibrillated  (the  layer  of  the  grey  nerve-fibres  of  Facini)  ; 
and,  2,  of  an  inner  lamina  of  multipolar  nerve-cells.  These 
have  exactly  the  same  characters  as  those  of  the  brain,  varying 
between  0-004'"  to  o'oiG"  in  size;  they  are  mostly  pyriform  or 
roundish,  or  are  drawn  out  into  three  to  five  angles ;  and  they  all 
possess  one  to  six  and  even  more  long  pale  branched  processes,  first 
observed    by    Bowman  Fig.  228. 

(see  Lectures  07i  the  Eye, 
p.  125),  similar  to  those 
of  the  central  nerve-cells. 
In  all  cases  where  these 
nerve-cells  are  seen  upon 
perpendicular  sections, 
one  to  two  of  these  pro- 
cesses proceed  outwards, 
and  are  lost  in  the  inner 
granular  layer  (see  be- 
low) ;  while  the  others 
run  horizontally,  and  are 
in  part  continued  into 
genuine  varicose  optic 
fibres  {Corti,  HemaJc,  II. 
Müller,  and  myself),  in 
part  connect  together  the  more  remote  nerve-cells  (Corti,  confirmed 
in  one  instance  by  my  own  observation).  The  nuclei  of  these 
nerve- cells,  which  behave  towards  re-agents  like  those  of  the  cells 
of  the  brain,  measure  0-003'"  0-005'",  and  generally  possess  a 
very  distinct  nucleolus.  The  outer  finely  granular  layer  of  grey 
substance  consists  of  a  finely  granular  matrix,  containing  nothing 
else  than  the  outer  processes  of  the  nerve-cells,  together  with  the 
continuations  of  the  fibres  of  Müller  from  the  rods  and  cones  into 
the  innermost  parts  of  the  retina.  This  stratum  measures  0-015"' 
to  0-026"'  in  thickness,  while  the  nerve-cells  form  a  layer  0-045" 
to  0-052'"  thick  at  the  yellow  spot,  where  they  are  densest,  and 
hence  the  layer  of  the  cells  decreases  in  thickness  as  it  is  traced 
forwards,  until,  at  last,  the  cells  occur  quite  isolated. 

4.  Internal  to  the  above  layer  follows  the  expansion  of  the  optic 
nerve  (fig.  225,  7).    In  its  course  from  the  optic  commissure  (see 


Two  nerve-cells  from  the  human,  retina,  magnified  350 
times.  The  smaller  with  two  processes  outwards,  and  only- 
one  varicose  nerve- fibre  arising  from  It;  the  other  with  a 
dividing  process  wliich  passes  into  three  nerve  fibres,  and 
two  similar  processes  torn  off. 
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Fig.  229. 


p.  236)  to  the  eje,  tliis  nerve  has  the  same  structure  as  an  ordinary 
nerve^  and  its  varicose  dark-bordered  fibres^  0*0005"'  to  0'002"' thick, 
form  a  polygonal  bundle^  0-048'"  to  0*064'"  in  diameter,,  surrounded 
by  an  ordinary  neurilemma.  Arrived  at  the  eye^  the  optic  nerve 
loses  its  sheath  in  the  sclerotic  coat^  which  possesses  an  opening 
for  the  passage  of  the  nerve,  in  the  shape  of  a  funnel  with  the 
base  outwards ;  the  inner  neurilemma  likewise  terminates  on  the 
inner  surface  of  the  sclerotic,  and  also  on  the  choroid,  where  it  is 
connected  with  the  above-mentioned  lamina  cribrosa ;  so  that  the 
tubules  of  the  optic  nerve^  in  their  further  course  in  the  interior 
of  the  eye,  pass  on  independently  without  their  envelopes  of  con- 
nective tissue.  Within  the  canal  of  the  sclerotic,  and  up  to  the 
slight  elevation,  or  coUiculiis,  which  it  forms  upon  the  inner  surface 
of  the  retina  in  its  passage  forwards,  the  optic  nerve  is  still  white 
and  furnished  with  dark-bordered  tubules;  but,  from  thence 
onwards,  its  elements,  in  man  and  in  many  animals,  become  quite 
clear,  yellowish  or  greyish,  and  transparent,  like 
the  finest  tubes  in  the  central  organs ;  they 
measure,  on  an  average,  no  more  than  o'ooo6'"  to 
o*ooo8"',  while  not  a  few  only  amount  to  0*0002" 
to  0*0004"' ;  a  few  fibres,  however,  will  be  found 
which  measure  as  much  as  O'ooi'"  to  o'ooi5'"  or 
even  0*002'".  These  tubules  are  distinguished 
from  other  pale  terminations  of  nerves  by  the 
absence  of  nuclei  in  their  course,  by  a  some- 
what stronger  refracting  power^  and  by  the  con- 
stant occurrence,  in  the  dead  body,  of  varicosities ; 
the  two  latter  characters  lead  us  to  regard  the 
contents  of  the  tubes  as  not  being  nervous  me- 
dulla of  the  ordinary  kind,  but  rather  as  of  a 
partially  semi-fluid  nature,  and  perhaps  somewhat 
fatty ;  so  that  we  should  class  the  nerve-fibres  of 
the  retina  with  the  most  delicate  elements  of  the 
brain.  I  have  not  yet  been  able  to  demonstrate 
axial-fibres  among  the  fibres  of  the  retina ;  but, 
on  the  other  hand,  I  believe  I  have  distinguished 
an  envelope  on  the  larger  varicosities,  where  they 
are  ruptured,  as  frequently  happens.  In  any  case, 
the  retinal  fibres  do  not  consist  exclusively,  indeed 
not  to  a  preponderating  degree,  of  ordinary  white  substance  of 
Schwann,  for  even  when  they  are  treated  very  thoroughly  with 
ether,  they  remain  behind,  narrower  indeed,  but  more  distinct  and 


Elements  of  the 
expansion  of  the  hu- 
man optic  nerve, 
magnified  350  times. 
a.  evident  coarser 
nerve-tubes,  with  va- 
ricosities ;  b.  a  finer 
one ;  c.  undulating 
pale  fibres  without 
varicosities,  proba- 
bly belonging  to  the 
filaments  of  Müller. 
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darker  than  previously.  Fibres  so  treated  swell  up  again  in  acetic 
acid,  and  are  dissolved  by  alkalies ;  so  that  perhaps  they  consist 
chiefly  of  a  nitrogenous  substance. 

With  regard  to  the  course  of  the  nerve-fibres  in  the  retina, 
this  much  is  certain,  that  they  radiate  in  all  directions  from  the 
colliculus  nervi  optici,  form  a  connected  membranous  expansion, 
which  extends  as  far  as  the  ora  serrata,  and  present  no  interrup- 
tion of  any  size  except  in  the  region  of  the  yellow  spot.  In  this 
proper  nervous  tunic,  the  nerve-fibres  are  collected  together  to 
found  larger  and  smaller  bundles,  slightly  compressed  laterally, 
and  measuring  o-oi'"  to  o'o  12"' broad,  which  either  anastomose 
with  each  other  at  very  acute  angles,  or  run  for  long  distances 
parallel  to  each  other.  At  the  yellow  spot,  only  a  small  part  of 
the  optic  fibres  proceed  directly  to 
its  inner  end  j  much  the  larger  por- 
tion of  the  fibres  which  are  destined 
for  the  lateral  parts  of  the  spot, 
describe  a  series  of  curves,  which 
take  larger  and  larger  sweeps  as 
they  are  directed  farther  forwards. 
At  the  yellow  spot  itself,  all  these 
fibres  lose  themselves  in  its  deeper 
portion,  among  the  nerve-cells,  so 
that  there  is  here  no  superficial  layer 
of  optic  fibres;  the  nerve-fibres  of 
this  spot  most  probably  arise  from 
the  processes  of  its  cells  (Remak). 
External  to  the  yellow  spot,  the 
fibres  gradually  become  more  spread 
out,  and  at  last  re-assume  a  straight 
course.  As  for  the  terminations 
of  these  nerves,  the  most  recent 
investigations  have  rendered  it  more 
than  probable  that  they  all  pass 
into  the  processes  of  the  nerve-cells 
of  the  retina,  a  condition  which, 
histologically  speaking,  would  be  better  designated  by  saying  that 
they  all  take  their  origin  from  these  cells.  The  thickness  of  the 
layer  of  optic  fibres  measures  0'ogo''\  close  to  the  entrance  of  the 
nerves  ;  anteriorly,  four  to  six  lines  from  the  colliculus,  o'028'"  to 
0-036"';  quite  in  front,  and  at  the  border  of  the  macula  lutea, 
about  0-002'";  at  the  bottom  of  the  eye,  0-036'";  two  lines  ex- 


Fig.  230. 


Distribution  of  the  fibres  at  the  en- 
trance of  the  optic  nerve  and  round  the 
yellow  spot.  a.  entrance  of  the  optic 
nerve;  6.  yellow  spot ;  c.  arcuated  fibres 
on  both  sides  of  it ;  d.  arcuated  fibres  on 
its  outer  side;  ee.  radiating  fibres  of  the 
optic  nerve. 
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ternal  to  the  yellow  spot,  o'Oo6'''  to  o'OoS''' ;  and  near  the  ora 
serrata,  o'OOt!". 

5.  The  limitary  membrane,  memhrana  limitans  (fig.  224^  8)^  is 
a  delicate  membrane^  o'ooof'''  at  the  most  in  breadth^  intimately 
united  with  the  rest  of  the  retina ;  it  sometimes^  liowever,  becomes 
detached  in  large  shreds  on  teasing  out  the  retina,  and  on  the 
employment  of  re-agents,  and  then  it  is  seen  to  be  perfectly 
structureless.  It  resists  acids  and  alkalies  for  a  long  time,  and 
resembles  in  other  respects  also  the  so-called  vitreous  membranes, 
such  as  the  capsule  of  the  lens. 

The  yellow  spot  is  an  elliptical  part  of  the  retina,  i'44'"  long, 
0*36"'  broad,  of  a  yellow  or  golden -yellow  colour,  whose  inner 
extremity  is  distant  I'o"  to  i'2'''  from  the  centre  of  the  elevated 
circle  formed  by  the  entrance  of  the  optic  nerve.  It  possesses 
almost  in  the  middle,  but  somewhat  nearer  to  the  inner  end,  an 
attenuated,  colourless  depressed  spot,  o'o8'"  to  o'l'"  in  diameter. 
The  fold,  as  it  is  called,  which  many  authors  assume  to  exist  on 
the  yellow-coloured  part,  and  have  named  plica  centralis  retina, 
has  been  shown  by  VircJiotv  and  myself,  as  well  as  by  others  (our 
observations  were  on  an  executed  criminal),  not  to  be  present  in 
fresh  eyes;  but  the  yelloiv  colour  is  seen  in  such  cases,  and  is 
produced  by  a  diffused  pigment  saturating  all  the  parts  of  the 
retina,  with  the  exception  of  the  bacillar  layer ;  the  colour  fades 
in  a  few  days  after  keeping  in  alcohol  and  water.  With  reference 
to  the  structure  of  the  yellow  spot,  it  is  wanting  in  a  continuous 
layer  of  nerve-fibres,  the  superficial  layer  especially  being  absent : 
the  nerve-cells  lie  in  several  strata  immediately  upon  the  mem- 
brana  limitans,  being  placed  close  together  like  the  cells  of  a 
pavement  epithelium.  Between  these  cells  nerve-fibres  run,  others 
also  entering  from  the  circumference  of  the  macula,  and  they 
are  lost  in  them  in  a  manner  not  yet  accurately  determined, 
probably  in  the  nerve-cells.  The  finely  granular  layer  of  grey 
nervous  substance  (Pacini's  '  fibre  griggie^),  is  found  on  the  outer 
parts  of  the  yellow  spot,  but  is  absent  in  the  middle.  The  two 
granular  layers,  and  the  intermediate  granular  lamina,  occur  over 
the  whole  of  the  macula,  the  fovea  centralis  excepted.  The  rods, 
as  Henle  discovered,  and  as  I  can  confirm,  are  absent  over  the  whole 
yellow  spot,  and  are  replaced  by  closely  disposed  cones,  which  are 
longer  and  narrower  (o"002''')  than  elsewhere,  and  bear  a  slender 
rod  upon  their  outer  side.  I  have  observed  filaments  of  the  cones, 
or  fibres  of  Müller,  in  all  parts  of  the  yellow  spot,  with  the  excep- 
tion of  the  fovea  centralis ;  I  have  not  made  any  particular  in- 
vestigation of  them  in  respect  of  their  terminations,  but  they 
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cones,  0*030 

Fig.  231. 


cannot  be  followed  further  than  the  inner  granular  layer,  and  are 
completely  lost  to  view  in  the  more  internal  strata.  The  thickness 
of  the  different  layers  of  the  yellow  spot  is  the  following  :  layer 
of  the  nerve-cells,  0-045'''  to  0*052'";  finely  granular  gray  layer, 
o'02o"';  inner  granular  lamina,  0*026'";  intermediate  granular 
lamina,  0*039'"  >  outer  granular  layer,  0*026 

Besides  the  expansion  of  the  op- 
tic nerve,  there  exists  in  the  retina 
another  remarkable  system  of  fibres, 
the  Miillerian  or  radiating  fibre 
system,  which  was  first  discovered  in 
1 85 1  by  H.  Müller  in  the  eyes  of 
animals,  and,  in  the  following  year, 
was  shown  by  myself  to  be  present  in 
the  human  retina  also. 

Proceeding  from  the  baciilar  layer, 
in  the  description  of  the  fibres  of 
Müller,  it  is  to  be  stated  in  the  first 
place,  that  every  cone,  and  every 
rod  is  connected  with  the  elements 
of  the  granular  layer.  With  re- 
gard to  the  cones,  every  cone- 
granule,  which  is  to  be  regarded  as 
a  cell-body,  is  continued  inwards  by 
a  fine  pale  filament,  0*0004"  to 
o*ooo6"'  in  breadth,  which,  after  it 

"U^c     -1-«^.^^^  A     L\  2.  1  Elements  of  the  baciilar  layer  in  connec- 

nas   tra\ersea  the  outer  granular  tion  with  the  fibres  of  iif«z?er.  From  the 

Jxi'j.  Tj_  1       human  retina,  magnified  350  times.  1. 

layer  ana  the  intermediate  granular  cones,  with  fibres  of  Muiur;  a.  thicker 

.«-^  ^     •      X      *     j-1      •  pai't  of  the  cone,  or  proper  cone;  ö.  rods 

lamma,  termmateS  m  the  inner  granU-  upon  the  same,  one  longer  than  the  other ; 

Ir^-,^   1.^^.^,^   •  X    1      •  l^  c.  circular  line  at  the  inner  end  of  the 

lar   layer,    beCOmmg   connected  with  cone;       nucleated  swelling  (cell-body)  of 

a  granule  ofthis  layer  (fig.  231,  i,/).  ^M^.S^^Sti 

T^lir^    -i^r^Ac    r^lr.^  ^   X    1     '  continued;  e.  lateral  process  from  one  of 

ihe  rods  also  are  connected  in  a  these  fibres,  passing  inwards;  /.  grannie 
cnvTr>Tlr.«  -.^ „  xl     xl  X  1   (ccll )  of  tliB  Inucr  graHul ar  lavcr ;  0.  intcr- 

similar  manner  with  the  outer  and  nai  termination  of  the  fibre  of  »r.  2. 

TT-,-»^^«   rv.v,^x^-,-.1        xl  ™T,  xl  J   'Ods  Avith  Miillerian  fibres;  a.  rod;  h. 

inner   granules,  though  they  present  transverse  line  at  its  inner  extremity  ;  c. 

some  peculiarities   in  this  respect.  T^S^S^I^lJ^T^^ 
Only  a  small  portion  of  the  rods,  SStVeJSe^edStJg^^n^^ 

indppfl    1«;  POTinpptprl  nf         \x^y^c^y  o^r  ^^^^^  granules;/,  one  of  them  with  a 

inueea,  is   COnneCiea  at  its  inner  ex-  lateral  process;  (/■  internal  extremities  of 

+T'QrYiif-rr     rW^nni'K^-r     -xr-Ixl,      „      „          1  the  fibres  of  ilfw/te?'.    3.  an  inner  granule, 

tremity     directly     with     a      granule  a,  with  three  processes,  of  which  the  ex^ 

Cfie-   9-2  1    9    d\  \w  thp  TYiannPT-  rxf  fho  ternal  one  gives  off  branches,  and  supports 

V^h'  ^J^'        ^)  111  i^f-ie  mannei  or  the  several  other  grannies,  b,  together  with 

cones;  for  the  greater  part  of  them  '•od«,  of  which  only  one  is  figured. 

are  first  prolonged  into  a  point  (see  above),  which,  after  a  course 

of  0-002"'  to  0-003'",  passes  into  an  extremely  delicate  filament. 
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Fig.  232. 


0-0002"'  to  0-0003"'  in  diameter  ;  tlie  filaments  being  so  delicate, 
that  the  slightest  mechanical  injury  suffices  to  break  them  off 
close  to  their  place  of  origin ;  whence  it  has  arisen,  that  observers 
have  hitherto  known  little  beyond  the  proper  rods,  or  when  they 
have  observed  filaments  attached  to  the  rods,  have  regarded  them 
as  artificial  products ;  these  filaments,  too,  as  well  as  the  points 
of  the  rods,  have  been  erroneously  placed  by  all  authors  since 
Hannover  on  the  outer  side  of  the  bacillar  layer.    After  a  course 
inwards  of  variable  length,  these  fibres  become  connected  with 
one  of  the  ordinary  granules  of  the  outer  granular  layer ;  the 
filiform  process  of  a  rod  attaching  itself  on  the  one  side  to  a 
granule,  while  a  similar  filament  goes  off  from  the  opposite  inner 
side  of  it.     In  their  further  course,  several  of  such  filaments 
frequently,  if  not  always,  unite  to  form  a  somewhat  thicker  fila- 
ment (fig.  231,  3),  being  occasionally  in- 
terrupted by  a  granule ;  and  this  filament, 
like  that  of  the  cones,  runs  parallel  to  its 
fellows  through  the  intermediate  granular 
layer,  which  owes  its  radiated  striation  to 
these  elements;  then  it  enters  the  inner 
granular  laminae,  with  whose  elements  it 
likewise  becomes  connected.    Indeed,  I 
believe  that  I  have  found  these  filaments 
to  be  chiefly,  if  not  exclusively  united 
with  the  branched  granules  of  this  layer 
(fig.  231,  2/,  3  a). 

The  radiating  fibre  system  of  the  retina 
is  by  no  means  brought  to  an  end  by  the 
passage  of  the  filaments  from  the  cones 
and  rods  into  the  outer  and  inner  layers 
of  granules,  for  the  filaments  are  continued 
from  hence  through  the  entire  innermost 
layers  of  the  retina,  and  ultimately  ter- 
minate at  the  membranalimitans  inrather 
a  peculiar  manner.  In  this  second  half 
of  their  course,  the  fibres  of  Müller  re- 
main completely  isolated  and  separated 
from  one  another,  but  become  arranged, 
towards  the  expansion  of  the  optic  nerve, 
in  a  very  definite  manner,  which  is  some- 
what different  in  different  regions  of  the 
eye.    At  the  bottom  of  the  eye,  and  so 


Perpendicular  section  of  tlie 
human  retina,  near  the  entrance 
of  the  optic-,  magnified  350  times. 
1.  Bacillar  layer;  2.  outer  gra- 
nules ;  3.  intermediate  granular 
layer ;  4.  inner  gi-anules ;  5. 
finely  granular  gray  layer ;  6. 
simple  layer  of  nerve-cells;  7. 
transverse  section  of  the  optic 
bundles;  8.  Müllerian  fibres, 
forming  thin  lanimfB  between  the 
optic  bundles ;  9.  termination  of 
the  same  at  10.  the  membrana 
limitans.  After  a  plate  of  the 
retina  in  Eckek's  Icones  Phys. 
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far  as  the  optic  bundles  have  only  narrow  fissure-shaped  spaces 
between  them,  the  fibres  of  Müller  collect  to  form  thin  laminae, 
which  vary  in  extent  according  to  the  size  of  the  meshes  of  the 
nervous  plexus ;  in  this  form  they  are  continued  through  the  whole 
layer  of  the  optic  nerve- fibres j  as  may  be  seen  both  on  transverse 
section  through  the  optic  expansion,  or  when  viewed  from  the  sur- 
face. Transverse  sections  (fig.  232)  exhibit  the  flat  bundles,  some 
of  them  very  thick,  of  the  optic  fibres  as  finely  dotted  columnar 
masses;  while  between  them,  forming  coarser  fibrous  bundles,  are 
seen  the  lamellee  of  the  fibres  of  Müller  in  profile ;  in  the  meshes 
of  the  nervous  plexus,  the  terminations  of  these  fibres  are  seen  in 
the  form  of  beautiful  narrow  rows  of  dark  streaks  and  points,  which 
in  animals  often  appear  directed  in  a  regular  penniform  manner 
towards  both  sides.  Further  forwards,  where  the  meshes  of  the 
nervous  plexus  become  wider,  the  laminae  of  the  fibres  of  Müller 
increase  more  and  more  in  thickness,  and  at  last,  at  the  most  an- 
terior part  of  the  retina,  they  pass  pretty  close  and  parallel  to  each 
other  towards  the  surface  without  presenting  any  other  special  ar- 
rangement ;  and  the}^  now  appear  on  the  surface  as  an  almost  con- 
tinuous layer  of  dark  points,  this  layer  being  interrupted  only  at  the 
places  where  nervous  bundles  and  large  nerve-cells  are  situated 

The  inner  terminations  of  the  filaments  of 
Müller  pass  through  the  layer  of  optic  nerve- 
fibres,  and  reach  the  membrana  limitans;  but 
their  arrangement  here  is  somewhat  difficult  to 
ascertain,  on  account  of  their  great  delicacy  and 
the  ease  with  which  they  are  injured.  From  all  that 
I  have  seen,  I  think  I  am  warranted  in  assuming, 
that  the  triangular  truncated  swellings,  observed 
by  //.  Müller  and  previously  by  myself,  and  not 
the  divisions  and  ramifications  which  also  fre- 
quently occur,  represent  the  true  condition  of 
these  fibres  at  their  terminations.  These  ter- 
minations, when  a  fold  or  a  perpendicular  section 
of  a  fresh  retina  is  examined,  appear  as  a  clear 
border,  0'002'"'  to  0*003"'  broad,  between  the 
membrana  limitans  and  the  expansion  of  the 
optic  nerve ;  and  this  appearance  has  given  rise, 
as  I  now  find,  to  a  belief  in  the  presence  of  an 
epithelium  in  this  situation.  The  clear  globules, 
indeed,  which  Boimnan  {Led.,  fig.  15)  describes, 
are  nothing  else  than  the  inner  terminations  of 

002 


Fig.  233. 


From  the  luiman 
retina ;  magnitiiid  350 
times,  a.  A  large 
nerve-cell;  6.  process 
from  the  same  di- 
rected outwards,  to- 
v/ards  c.  an  internal 
rinclens  (cell  with  a 
nuclens) ;  d.  filament 
of  iliUler,  proceeding 
frcmi  the  bacillar  layer 
to  this  granule ;  e. 
second  process  of  the 
nerve-cell,  which  is 
undoubtedly  conti- 
nued into  one  of  the 
fibres  of  the  optic 
nerve. 
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Fig.  234. 


the  fibres  of  Müller,  wliicli,  when  they  cover  one  another,  and 
especially  when  they  are  distended  by 
water,  produce  the  appearance  of  roundish 
angular  bodies,  lying  parallel  to  eacli 
other.  Now,  the  truncated  terminations 
of  the  fibres  of  Müller  abut  upon  the 
outer  surface  of  the  membrana  limitans, 
and  pieces  of  the  latter  membrane,  espe- 
cially in  chromic  acid  preparations,  may 
not  unfrequently  be  obtained  in  connec- 
tion with  these  fibres ;  the  connection  of 
the  two,  however,  is  by  no  means  intimate, 
for  the  radiating  fibre-system  can  generally 
be  detached  with  facility  from  the  limitary 
membrane,  especially  in  fresh  prepara- 
tions, or  in  such  as  have  been  treated 
with  re- agents. 

The  signification  of  this  radiating  fibre- 
system,  and  even  its  anatomical  relations 
to  the  other  elements  of  the  retina,  is 
still,  in  many  respects,  very  obscure.  This 
only  is  certain,  as  I  formerly  supposed 
{Compt.  Rend.,  1853,  Oct.),  and  as  i7. 
Müller  and  myself  (see  my  Gratulations- 
schrift an  Tiedemann,  p.  12,  and  my  Micr. 
Anat.,  ii.  2,  p.  703)  have  also  recently  de- 
monstrated by  direct  observation,  that  at 
the  yellow  spot,  the  fibres  of  Müller  which 
have  the  cones,  enter  into  connection  löith  one  of  the  granules  of  the 
imier  layer  and  ivith  one  of  the  nerve-cells  of  the  retina.  It  is 
very  probable  that  at  other  places,  filaments  proceeduig  from  the 
cones  have  similar  connexions.  We  have  no  positive  observations 
on  the  filaments  of  the  rods ;  and  it  is  not  to  be  forgotten,  that 
many  histologists  are  inclined  to  dispute  the  nervous  nature  of 
many  of  the  radiating  elements  of  the  retina. 

The  vessels  of  the  retina  are  derived  from  the  art.  centralis 
retince,  which,  situated  in  the  optic  nerve,  enters  the  eye,  and 
commences  its  distribution  from  the  middle  of  the  colhculus  by 
four  or  five  main  branches.  Lying  at  first  beneath  the  membrana 
limitans  only,  they  pass  through  the  lamina  of  nervous  fibres  into 
the  layer  of  grey  nervous  substance,  where  they  are  distributed 
with  beautiful  arborescent  ramifications  as  far  as  the  ora  serrata; 


Diagram  to  represent  the  con- 
nection of  the  cells,  rods,  and 
fibres  of  Müller,  according  to  my 
view  of  them.  a.  A  nerve-cell ; 
h.  optic  fibre ;  c.  outer  process  of 
the  l  ell,  connected  with  an  inner 
granule  d\  e.  fibre  of  Müller, 
proceeding  from  this  to  an  outer 
granule/,  and  thence  to  a  rod  g  ; 
h.  internal  extremity  of  the  fibre 
of  Müller,  -with  the  enlarge- 
ment i. 
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their  terminal  twigs  form  a  wide  network  of  very  fine  (o"002'"  to 
to  0-003  ")  capillaries,  which  is  chiefly  seated  in  the  layer  of  gray 
nervous  substance,  and  partly,  also,  in  the  expansion  of  the  optic 
nerve-fibres.  The  veins  begin,  in  the  lower  animals,  at  the  ora 
serrata  by  an  incomplete  circle^  circulus  venosus  retincB,  run  with 
their  trunks  parallel  to  the  arteries,  and  collect  in  the  vena  centralis, 
which  leaves  the  eye  by  the  side  of  the  artery.  At  the  yellow  spot 
there  are  no  large  vessels,  but  only  numerous  capillaries.  I  have 
never  seen  nerves  on  the  vessels  of  the  retina;  on  the  other  hand, 
I  find  here  and  there  traces  of  an  accompanying  fibrous  tissue  on 
the  outer  side  of  the  larger  vessels,  which  is  most  closely  allied  to 
embryonic  reticulated  connective  tissue. 

With  regard  to  the  function  of  the  retinal  elements,  I  refer  the  reader  to 
my  Mikr.  Anat.,  ii.  2,  §  281,  and  will  here  make  only  the  following  remarks: 
I  regard  the  rods  and  the  cones  as  the  only  elements  which  can  receive  the 
impression  of  light  ;  and  I  believe  that  they  become  endowed  with  this  func- 
tion through  their  connection  with  the  nerve-cells,  by  means  of  the  fibres  of 
Müller  acting  as  a  conducting  apparatus.  The  nerve-cells  are  to  be  looked 
upon  as  a  flat  and  expanded  ganglion,  and,  in  all  probability,  as  constituting 
the  central  organ  of  visual  perception.  This  central  apparatus  and  the  brain 
are  then  connected  by  a  second  conducting  apparatus,  the  optic  fibres,  which 
also  have  the  function  of  placing  the  two  retinte  in  connection  witii  each 
other.  This  view  is  based  upon  the  demonstrated  connection  between  the 
elements  of  the  bacillar  layer  and  the  nerve-cells,  upon  the  want  of  a  con- 
nected layer  of  optic  nerve-fibres  at  the  yellow  spot,  and  upon  the  absence  of 
any  perception  of  light  at  the  colhculus.  My  opinion  is  also  supported  by 
the  consideration,  that  we  cannot  possibly  assign  the  faculty  of  perceiving 
light  to  the  nerve-cells  or  to  the  granular  layer,  because  the  elements  of  these 
are  super-imposed  in  many  layers,  especially  at  the  yellow  spot ;  and  lastly, 
the  peculiar  local  arrangement  of  the  rods  and  cones,  their  size  corresponding 
to  the  degree  of  the  local  sensibility  of  the  retina,  adds  further  confirmation 
to  my  opinion. 

§  227.  The  lens  {lens  crystallina)  is  a  perfectly  transparent  body, 
connected  at  its  posterior  surface  with  the  vitreous  body,  and 
laterally  with  the  zonula  Zlnnii,  or  the  termination  of  the  hyaloid 
membrane.  It  is  to  be  distinguished  into  the  lens  proper  and  its 
capsule. 

The  capsule  of  the  lens  (capsula  leMis)  consists  of  two  elements, 
the  proper  capsule  and  the  epithelium.  The  former  is  a  perfectly 
structureless,  transparent,  and  very  elastic  membrane,  which  sur- 
rounds the  lens  on  all  sides,  like  a  monld,  and  separates  it  from 
the  neighbouring  structures.  If  a  lens  with  its  capsule  be  laid  in 
water,  a  large  quantity  of  the  fluid  is  imbibed  by  the  capsule, 
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showing  that  such  membranes,  although  apparently  homogeneous, 
are  yet  readily  permeable;  we  can,  therefore,  easily  understand 
how  the  non-vascular  lens  can  be  supplied  with  nourishment  by 
substances  penetrating  from  without.  The  capsule  of  the  lens 
measures,  at  its  anterior  wall,  0-005"'  to  0  008'",  but  behind  the 
attachment  of  the  zonule  of  Z{7in,  where  it  suddenly  becomes  at- 
tenuated, only  0-002'"  to  0-003'"  in  thickness;  it  can  be  readily 
torn,  pierced,  or  cut,  but  opposes  considerable  resistance  to  a  blunt 
instrument.  If  an  iminjured  capsule  be  pierced,  it  contracts,  by 
virtue  of  its  elasticity,  to  such  a  degree,  that  the  lens  not  unfre- 
quently  passes  out  spontaneously.  The  capsule  of  the  lens  presents 
the  same  micro-chemical  reactions  as  other  vitreous  membranes, 
except  that,  according  to  Strahl  (Arch.  f.  phys.  Heilk,  1852),  it  is 
dissolved  by  boiling  in  water.— The  epithelium  of  the  capsule  of 
the  lens  is  not  situated  on  the  outer  side,  as  Brüche  states,  but 
upon  the  iriner  surface  towards  the  lens,  and  lines  the  anterior  half 
of  the  capsule  as  a  simple  layer  of  beautiful,  clear,  polygonal  cells, 
o-oo6"'  to  o'Oi''^  with  round  nuclei.  At  death,  its  elements  readily 
separate  from  each  other,  and  become  distended  into  clear,  sphe- 
rical vesicles,  many  of  which  burst,  and,  together  with  some  of  the 
aqueous  humour  which  has  penetrated  the  capsule,  constitute  the 
so-called  liquor  Morgagni,  which  does  not  exist  at  all  during  life, 
when  the  epithelium  is  accurately  adapted  to  the  surface  of  the 
lens. 

The  lens  itself  consists  throughout  of  long,  flat,  six-sided 
elements,  0-0025"'  to  0-005"'  broad,  0*0009"'  to  0-0014'"  thick,  of 
clear  appearance,  great  pliability  and  softness,  and  of  considerable 
toughness.  They  are  usually  designated  fibres  of  the  lens,  but 
tbey  are,  in  reality,  delicate- walled  tubes,  containing  a  clear,  viscid, 
albuminoid  matter,  which  oozes  out  of  them  in  large,  clear,  irre- 
gular drops  when  they  are  torn ;  such  drops  are  always  found  in 
large  quantities  on  examining  the  superficial  fibres  of  the  lens,  so 
that  these  may  be  called  with  equal  propriety,  the  tubes  of  the 
lens.  In  a  micro-chemical  point  of  view,  these  tubes  are  distin- 
guished by  the  circumstance,  that  they  become  darker  and  more 
distinct  in  all  substances  which  coagulate  albumen ;  and  hence  re- 
agents of  this  class  are  excellently  adapted  for  the  investigation  of 
the  lens,  especially  nitric  acid,  alcohol,  creosote,  and  chromic  acid ; 
in  caustic  alkalies,  on  the  other  hand,  they  quickly  dissolve,  and 
are  likewise  very  strongly  acted  upon  by  acetic  acid.  The  tubes 
of  the  lens  are  firmer,  narrower,  and  darker  in  the  hard  internal 
layers  of  the  lens  than  in  the  softer  external  parts,  where  they 


SECT.  227.] 


CRYSTALLINE  LENS. 


567 


Lenticular  tubes  or  fibres.  1.  Of  the  ox,  with 
slightly  dentated  margins ;  2.  transverse  section  of 
the  lenticular  tubes  of  man.   Magnified  350  times. 


cannot  be  demonstrated  as  true  tubes.  Their  union  is  effected  by 
simple  apposition^  their  flat  Fig.  235. 

surfaces  invariably  lying 
parallel  to  the  surface  of 
the  lens,  and  their  attenu- 
ated borders  locking  regu- 
larly into  each  other;  in 
the  interior  of  the  lens, 
therefore,  as  seen  at  fig.  235, 
2,  every  tube  is  surrounded 
by  six  others,  and  their 
transverse  sections  present 
the  appearance  of  a  wall 
built  of  six-sided  bricks- 
At  their  borders,  and  the 
surfaces  of  the  borders,  the 
tubes  are  generally  some- 
what uneven,  or  are  even 
toothed  (in  animals,  espe- 
cially fish,  very  much  so) ,  so 
that  the  union  of  them,  side 
to  side,  is  more  intimate  than  that  of  their  broader  surfaces ;  and 
it  is  on  this  account,  also,  that  the  lens  breaks  up  into  lamellse 
more  readily  in  the  direction  of  the  surface  than  in  that  of  the 
thickness.  In  consideration  of  this  peculiarity,  we  may  ascribe  a 
lamellated  structure  to  the  lens,  which  is  the  usual  manner  of 
describing  it,  and  we  may  regard  it  as  consisting,  like  an  onion,  of 
a  series  of  laminge,  one  enclosed  within  the  other ;  we  must  not, 
however,  lose  sight  of  the  fact,  that  these  laminae  are  not  regularly- 
bounded  layers,  and  that  they  never  consist  of  a  single  layer  of 
tubes ;  we  must  also  remember,  as  being  perhaps  of  great  physio- 
logical importance,  that  the  regularity  of  disposition  in  the  elements 
of  the  lens  is,  properly  speaking,  still  more  observable  in  the  di- 
rection of  the  thickness  of  the  lens,  than  in  the  direction  of  its 
breadth.  These  elements,  indeed,  cover  each  other  accurately 
throughout  the  whole  lens;  and  the  latter  may  equally  well  be 
regarded  as  consisting  of  very  numerous  perpendicular  segments, 
each  having  the  breadth  of  a  single  fibre. 

The  course  of  the  tubes  of  the  lens  in  the  individual  lamella  is, 
in  general,  the  following :  they  radiate,  both  in  the  superficial  and 
in  the  deeper  portions,  from  the  axis  of  the  lens  towards  the 
borders,  and  then  curve  round  to  the  opposite  (anterior  or  pos- 
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terior)  surface,  but  in  sucli  a  manner  that  no  fibre  traverses  the 
entire  semi-circumference  of  the  lamella;  never  reaches,  for  in- 
stance, from  the  middle  of  the  anterior  to  the  middle  of  the  pos- 
terior surface.    More  accurately  described,  the  tubes  on  the  anterior 
and  posterior  surfaces  of  the  lens  do  not  go  exactly  to  the  middle, 
but  terminate  at  two  stellate  figures,  situated  on  the  two  aspects  of 
the  lamella.    In  the  foetus  and  in  the  newly-born  infant,  each  of 
these  stars,  which  are  visible  to  the  naked  eye,  has  three  rays, 
meeting  each  other  regularly  at  angles  of  120°;  in  the  anterior 
star,  two  rays  are  situated  below,  one  above ;  the  reverse  in  the 
posterior  star,  which,  accordingly,  compared  with  the  anterior, 
appears  as  if  turned  round  through  an  angle  of  60°.    It  will  be 
seen,  therefore,  that  the  fibres  of  the  lens,  which  proceed  from  the 
middle  of  the  anterior  star,  run  on  the  posterior  side  only  as  far  as 
to  the  extremities  of  the  three  rays ;  and,  vice  versa,  those  starting 
from  the  posterior  pole  do  not  reach  the  middle  of  the  anterior 
star;  the  same  condition  is  presented  in  all  the  tubes  situated 
between  these  two  points,  none  of  them  going  quite  round,  and  all 
those  which  lie  in  one  layer  being  of  equal  length.    In  the  adult, 
the  nucleus  of  the  lens  presents  exactly  the  same  condition ;  but, 
on  the  other  hand,  in  the  superficial  lamellae,  and  on  the  surface 
itself,  a  more  compound  star  is  found,  having  from  nine  to  sixteen 

Fig.  236. 
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Lens  of  üie  adult,  after  Arnold,  to  sliov/  the  stars.    1.  Anterior  surface ;  2.  posterior  surface. 


rays  of  various  lengths,  and  rarely  quite  regular ;  still,  however, 
certain  main  rays  may  even  here  be  distinguished  from  the  others. 
The  course  of  the  fibres  necessarily  becomes  more  complicated  by 
this  means ;  and  the  more  so,  as  on  such  stars  the  fibres  attached 
to  the  side  of  the  rays  converge  in  an  arcuate  manner,  giving  rise 
to  a  penniform  or  whorled  appearance   {vortices  lentis).  But, 
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nevertheless,  the  essential  points  of  the  course  of  the  fibres  just 
described  remain  completely  the  same,  seeing  that  in  these  more 
complex  stars  the  rays  of  the  anterior  and  posterior  aspects  do  not 
correspond,  and  that  no  fibre  goes  from  one  pole  to  the  other.  In 
the  stars,  the  substance  of  the  lens  is  not  formed  of  tubes  as  else- 
where,  but  consists  of  a  material  which  is  in  part  finely  granular, 
in  part  homogeneous ;  and,  therefore,  it  happens  that,  as  the  stars 
pass  through  all  the  laminse,  there  exist  three  or  more  perpendicular, 
non-fibrillated  planes  (central  planes,  Boivma?i)  in  each  half  of  the 
lens.  The  tubes  of  the  lens  become  broader  in  the  neighbourhood 
of  the  stars,  but  do  not  here  coalesce  with  each  other,  for  they 
terminate  in  clavate  and  fusiform  enlargements  of  most  diverse 
form,  which  often  appear  polygonal  when  seen  from  the  surface 
(see  my  Micr.  Anat.,  ii.  2,  fig.  416). 

The  fibres  of  the  lens  are  sometimes  finely  striated  longitudinally,  and  fur- 
nished with  delicate,  transverse  lines,  which  cannot  be  referred  either  to  fibres 
or  to  cells.— The  superficial  fibres  of  the  lens  are  each  provided,  in  the  region 
of  the  equator  of  the  lens,  with  a  single,  beautiful  nucleus,  which,  the  further 
we  proceed  inwards,  becomes  smaller  and  smaller,  and  at  last  disappears. 
Thomas  found,  on  sections  of  dried  lenses,  two  or  three  systems  of  concentric 
lines,  which  Czermak  has  recently  explained  in  a  way  reconcileable  with  the 
structure  of  the  lens. 

§  228.  The  vitreous  body  {corpus  vitreum)  completely  fills  the 
space  between  the  lens  and  the  retina,  lying  only  loosely  upon  the 
proper  retina,  except  at  the  place  of  entrance  of  the  optic  nerve, 
where  the  connection  is  somewhat  more  intimate ;  but,  on  the 
other  hand,  being  very  firmly  connected  with  the  corona  ciliaris 
and  the  lens  itself.  The  membrane  enveloping  the  vitreous  body 
(the  memhrana  hyaloidea)  occurs  behind  the  ora  serrata  in  the 
form  of  an  extremely  fine  and  delicate,  clear  pellicle,  scarcely  per- 
ceptible under  the  microscope ;  it  is  more  readily  visible  at  the 
bottom  of  the  eye-ball,  where  it  measures  0  004  of  a  millimetre 
(o-oo2''')>  according  to  //.  Müller.  In  front  of  the  ora  serrata,  the 
hyaloid  membrane  becomes  somewhat  firmer,  and  proceeds,  under 
the  name  pars  ciliaris  hyaloidece  s.  zonula  Zlnnii  (lig.  suspmsorium 
lentis,  Boicman),  to  the  border  of  the  lens,  in  order  to  coalesce 
with  the  capsule  of  it.  During  this  course,  it  divides  into  an 
anterior  and  a  posterior  lamella,  the  latter  of  which  coalesces  with 
the  capsule  of  the  lens  somewhat  behind  its  border,  but  continues 
to  be  recognisable  {Ao4t,  H.  3Iüller)  throughout  the  whole  extent 
of  the  circular  fossa  of  the  vitreous  body.  The  anterior  lamella, 
connected  with  the  ciliary  processes,  forms  the  zonula,  in  the  more 
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restricted  sense  of  the  term,  and  is  inserted  into  the  capsule  some- 
what in  front  of  the  border  of  the  lens.  Between  the  two  lamellae 
and  the  border  of  the  lens  there  is  seen  on  transverse  sections  a 
triangular  space,  completely  encircling  the  lens— the  canalis  Petiti. 
This  canal  contains  a  little  clear  fluid,  but  is  very  narrow  during 
life;  for  the  zonule  of  Zm7i,  which  forms  its  anterior  wall,  follows 
the  pUcations  of  the  ciliary  processes  in  the  form  of  a  much-folded 
membrane,  by  which  means  it  approaches  very  closely  to  the  pos- 
terior wall  in  as  many  places  as  there  are  ciliary  processes.  These 

folds  are  also  visible  at  the  part 
where  the  zonula,  after  leaving 
the  processes,  passes  over  to  the 
border  of  the  lens  as  a  part  of  the 
posterior  wall  of  the  camera  oculi 
jjosterior;  and  thus  we  find  that 
the  zonula  is  attached,  not  in  a 
straight  but  in  a  slightly  wavy 
line,  to  the  capsule  of  the  lens, 
partly  in  front  and  partly  behind 
the  equator.  According  to  Fink- 
beiner,  the  fine  fibres,  into  which 
this  membrane  spreads  itself  out, 
may  be  follovv^ed  in  certain  cases 
over  the  whole  anterior  wall  of 
the  capsule  of  the  lens. 

With  regard  to  the  structure  of 
the  parts  mentioned,  much  pains 
^         _     ^  have  been  lately  devoted  to  the 

^^'^=^^^^=^^^  examination  of  the  proper  vitreous 

body ;  and  the  truth  has,  perhaps, 
been  pretty  nearly  arrived  at. 
Brücke' s  opinion  was,  that  the 
vitreous  body  consists  of  con- 
centric lamellae,  like  an  onion, 
separated  by  a  gelatinous  fluid;  but  this  view  has  been  refuted  by 
Bowman,  who  showed  that  the  concentrated  solution  of  acetate  of 
lead,  employed  by  Brüche  for  the  exposition  of  these  lamellae,  gave 
rise  to  the  appearance  of  lamellation,  not  only  at  the  surface  of 
the  vitreous  body,  but  also  on  the  surface  of  any  section ;  but  in 
no  case  did  this  method  of  investigation  bring  true  lamellae  dis- 
tinctly into  view.  There  appear  to  be  more  facts  in  favour  of 
Hannover's  assertion  (founded  on  an  examination  of  the  vitreous 


Sections  of  the  vitreous  humour  hardened 
in  chromic  acid.  A.  Transverse  section  ot  a 
human  eye,  perpendicular  to  the  axis  of  the 
optic  nerve,  with  radiating  striation  in  the 
vitreous  humour.  B.  Section  of  the  eye  of  a 
horse,  made  parallel  to  the  axis  of  the  optic 
nerve,  and  carried  horizontally,  to  show  the 
concentric  stratification  of  the  vitreous  body. 
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body  of  man,  with  the  aid  of  chromic  acid),  that  a  number  of 
partitions  nm  from  the  surface  to  the  axis  of  the  vitreous  humour, 
so  that  on  a  transverse  section  of  the  eye-ball,  made  from  above 
downwards,  numerous  rays  are  seen  to  proceed  from  a  central 
point,  the  whole  structure  resembling  an  orange.  In  mammalia, 
however,  Hannover  has  seen  concentric  lamellse,  as  in  an  onion 
(fig.  237,  B).  According  to  Bowman  (Lectures,  p.  97,  fig.  5),  the 
vitreous  body  of  newly-born  infants  presents,  in  a  well-marked 
degree,  the  radiated  appearance  described  by  Hannover,  when  it  is 
prepared  by  chromic  acid ;  but  it  is  to  be  remarked,  that  Bowmafi's 
observations  point  to  a  somewhat  different  structure  in  the  eye  of 
the  adult,  for  in  chromic  acid  preparations  of  such  an  eye  he  finds 
some  concentric  lamellse  at  the  more  external  portion  of  the  vitreous 
body,  then  very  irregular  radiating  septa,  and  lastly,  an  irregular 
central  cavity.  When,  moreover,  it  is  considered,  that  these  lamellse, 
which  appear  when  the  eye  is  treated  with  chromic  acid,  cannot  be 
demonstrated  as  true  membranes,  and  that  nothing  is  to  be  seen 
of  them  in  the  fresh  vitreous  body,  the  appearances  produced  by 
this  second  re-agent  cannot  be  regarded  as  proving  much. 

A  more  correct  view  of  the  composition  of  the  vitreous  body 
appears  to  be  obtained  from  the  history  of  its  development.  It 
has  long  been  known,  that  the  vitreous  body  of  the  foetus  possesses 
vessels  on  its  surface  and  in  its  interior;  and  from  this  it  was 
inferred,  that  a  tissue  must  be  present  for  the  support  of  these 
vessels,  but  until  a  short  time  ago,  no  one  had  endeavoured  to 
obtain  further  information  on  this  point  by  means  of  the  micro- 
scope. Bowman  {Lectures,  p.  97,  fig.  7,  and  p.  100)  w^as  the  first 
to  announce,  that  the  vitreous  body  of  the  newly-born  infant  pre- 
sents a  very  distinct  and  peculiar  fibrous  structure,  consisting  of  a 
dense  network  of  fibres,  with  dark  nuclear  corpuscles  at  the  points 
of  interlacement,,  so  that  the  structure  bears  a  cansiderable  re- 
semblance to  the  enamel  organ  [i.  e.,  to  its  gelatinous  connective 
tissue)  of  the  embryonic  dental  sac.  Some  recent  observations  of 
Vircliow  accord  pretty  closely  with  this  view.  According  to  this 
author,  the  vitreous  body  of  a  pig- embryo,  four  inches  long,  con- 
sists of  a  homogeneous,  muciferous  substance,  slightly  striated 
here  and  there,  and  having  round,  nucleated,  granular  cells  scat- 
tered through  it  at  regular  distances.  At  the  circumference  of  the 
body  is  seen  a  fine  membrane,  with  very  beautiful  vascular  net- 
works and  a  finely  fibrous,  areolar  meshwork,  which  contains  nuclei 
at  the  knots,  and  likewise  encloses  in  its  meshes  gelatinous  mucus 
with  round  cells.    On  account  of  this  structure,  and  because  he 
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has  also  found  mucus  in  the  vitreous  body  of  the  adult,  Virchoiv 
believes  himself  warranted  in  classifying  the  tissue  of  the  em- 
bryonic corpus  vitreum  with  what  he  calls  '  mucous  tissue/  but 
which  I  regard  as  embryonic  connective  tissue  (see  §  23);  and  he 
further  assumes,  that  in  the  course  of  development  the  structure 
undergoes  a  change,  by  which  the  cells  perish  and  the  intercellular 
substance  alone  remains.  For  my  own  part,  an  examination  of 
the  vitreous  body  in  the  embryoes  of  man  and  of  animals,  as  well 
as  in  children  and  young  animals,  has  revealed  to  me  nothing  else 
than  a  homogeneous,  muciferous  matrix,  with  numerous,  granular, 
nucleated  cells,  round  or  elongated,  and  measuring  0'004'"  to 
o-oi'",  distributed  pretty  regularly  through  it  at  distances  of  o-oi'" 
to  0-02"',  or  even  0-03'".  I  have  also  observed  stellate  anastomosing 
cells,  but  always  on  the  outer  side  only  of  the  hyaloid  membrane, 
and  these  were  readily  demonstrated  to  be  developing  capillaries, 
obtaining  a  connection  with  the  well-known  vessels  external  to 
the  hyaloid,  as  soon  as  those  vessels  began  to  convey  blood.  I  have 
never  seen  with  the  microscope  any  positive  trace  of  the  mem- 
branes which  are  described  by  Hannover  in  the  vitreous  humour; 
and  yet  I  venture  to  assert,  that  such  membranes,  if  they  existed, 
must  be  just  as  easy  of  recognition  in  their  folds  as  the  extremely 
delicate  hyaloid  membrane  itself.  In  the  vitreous  body  of  the 
adult,  only  the  homogeneous  matrix  was  found  to  remain,  the  cells 
having  disappeared.  I  have  often,  however,  met  with  scanty  and 
indistinct  remains  of  these  cells,  especially  in  the  parts  of  the 
vitreous  humour  adjoining  the  lens  and  the  hyaloid  membrane. — 
From  these  observations,  I  draw  the  conclusion,  that  the  vitreous 
body  does  possess,  at  an  early  period,  a  kind  of  structure  which 
most  resembles  embryonic  connective  tissue ;  but  that  subse- 
quently, at  least  in  its  inner  parts,  every  trace  of  this  structure 
disappears,  so  that  it  comes  to  consist  exclusively  of  a  more  or  less 
consistent  mucus  (see  §  23). 

Zonula  ZlnniL—M  the  ora  serrata,  the  vitreous  body  comes 
into  intimate  contact  with  the  retina,  and  this  again  with  the 
choroid,  so  that  it  is  extremely  difficult  to  elucidate  the  true  con- 
dition of  the  nature  of  the  structure  which  has  been  above  de- 
scribed as  the  zonule  of  Zinn.  If  it  be  exposed  from  without, 
black  pigment  from  the  ciliary  process  always  remains  adherent  to 
it  at  certain  spots,  and  often  for  a  considerable  extent.  If  places 
be  chosen  for  examination  where  this  is  not  the  case,  the  zonula 
is  found  to  have  an  outermost  greyish  layer,  which  extends  exactly 
to  the  point  where  the  ciliary  processes  join  with  the  zonula,  and 
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then  terminates  anterior^  with  a  shghtly  toothed,  irregular  border. 
In  the  anterior  portions  especially,  we  may  always  recognise  with 
the  microscope,  even  when  the  zone  looks  quite  clear,  a  consider- 
able number  of  pale  pigment  cells  of  the  choroid,  arranged  in 
rows,  and  situated  more  especially  in  the  folds  which  contained  the 
ciliary  processes ;  they  give  the  whole  of  this  grey  layer  a  striated 
appearance.  Next,  internally,  lies  a  simple  layer  of  clear,  often 
very  pale,  nucleated  cells,  polygonal  or  cylindrical,  and  measuring 
o-oo6'"  to  0  0 1 2".  This  layer,  however,  is  never  complete,  but 
always  becomes  partially  detached,  along  with  the  ciliary  processes 
and  cells,  from  it,  as  had  already  been  observed  here  by  He7ile  and 
others.  This  layer  of  cells  belongs  to  the  retina,  and  not  to  the 
hyaloid  membrane,  and  is  most  fitly  designated  by  the  name  pars 
ciliaris  retijice.  It  is  the  immediate  continuation  of  the  retina, 
though  it  contains  none  of  the  essential  parts  of  this  membrane, 
and  its  connection  with  it  is  probably  only  owing  to  the  circum- 
stance, that  its  rudiment  in  the  foetus  is  common  to  it  and  to  the 
retina;  it  passes  forwards  between  the  corona  ciliaris  and  the 
zonule  of  Zin^i,  is  intimately  connected  with  both,  and,  leaving 
the  zonule  of  Zinn^  terminates  where  the  ciliary  processes  border 
upon  the  iris. 

Apart  from  these  layers,  the  zonula  is  a  thin,  transparent,  but 
pretty  firm  membrane,  which  extends  from  the  ora  serrata  retiiice 
to  the  border  of  the  lens,  and  appears  as  the  continuation  of  the 
hyaloid  membrane.  It  consists  of  peculiar  pale  fibres,  well  de- 
scribed by  Henle,  which  resemble  certain  forms  of  reticulate  con- 
nective tissue,  except  that  they  are  more  rigid,  generally  present 
no  distinct  fibrillee,  and  become  less  swollen  in  acetic  acid.  These 
fibres  are  very  fine,  resembling  in  part  the  fibrils  of  connective 
tissue,  at  the  point  of  their  origin  at  the  outer  side  of  the  hyaloid 
membrane;  they  are  here,  however,  somewhat  behind  the  ora 
serrata  retince,  but  in  most  intimate  connection  with  the  hyaloid ; 
they  then  run  forwards,  forming  a  layer  which  is  at  first  loose,  but 
afterwards  becomes  denser  and  denser,  increasing  in  thickness  up 
to  0-004'"  or  even  o-oi'"  and  more,  with  frequent  divisions  and 
anastomoses.  The  fibres  and  their  divisions  run,  for  the  most  part, 
parallel  to  each  other,  till,  at  the  free  part  of  the  zonula,  they  form 
a  perfectly  connected  layer  (the  individual  bundles  being  always 
separable,  however),  and  then  coalesce  with  the  capsule  of  the  lens. 
From  the  ora  serrata  to  the  commencement  of  Petit's  canal,  a 
hyaloid  membrane  is  no  longer  distinguishable  with  the  zonular 
fibres ;  on  the  other  hand,  at  the  above-mentioned  canal,  where 
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the  substance  of  tlie  vitreous  body  separates  from  tlie  fibrous 
lamina_,  a  limitary  membrane,  even  more  delicate  than  formerly, 
makes  its  appearance^  and  forming  the  posterior  wall  of  Fetifs 
canal,  extends  up  to  the  border  of  the  lensj  from  this  point  it  is 
no  longer  traceable  as  a  special  membrane,  the  vitreous  body 
becoming  most  intimately  united  with  the  posterior  lamina  of  the 
capsule  of  the  lens. 

Of  the  authors  who  have  recently  investigated  the  vitreous  body,  Fink- 
I?ei}ier,  employing  corrosive  sublimate,  obtains  results  somewhat  similar  to 
those  of  Hannover  ;  but,  in  several  respects,  his  account  does  not  appear 
satisfactory. — Doncan,  on  the  other  hand,  adopts  views  which  are  nearly  iden- 
tical with  those  of  Virdiom  and  myself.  He  lays  special  stress  on  th'e  fact 
that  a  fluid  escapes  from  the  cut  surface  of  the  vitreous  body,  leaving  a  com- 
pacter substance  behind.  He  finds  no  trace  of  the  membranes  described  by 
Hannover,  either  in  the  fresh  corptis  vitrenm,  nor  after  treatment  with  acetate 
of  lead  and  chromic  acid.  This  author  is  uncertain  whether  the  striated, 
radiating  appearance  observed  in  chromic  acid  preparations  indicates  a  sepa- 
ration of  the  vitreous  body  into  definite  zones,  or  whether  it  is  only  an  arti- 
ficial effect.  Honcan  regards  the  peculiar  motion  of  mnsocB  volitantes  as  being 
opposed  to  Hannover's  theory  of  the  structure  of  the  vitreous  body.  Although 
not  in  a  position  to  demonstrate  his  views  conclusively,  Honcan  is  inclined  to 
regard,  this  body  as  being  made  up  of  definite  spaces  containing  a  fluid  ;  and 
he  concludes,  from  the  motion  of  muscse  volitantes,  and  from  other  consider- 
ations, that  these  spaces  are  disposed  vertically  in  the  hinder  part  of  the 
organ,  and  transversely  in  the  anterior  portion. 

In  the  neighbourhood  of  the  entrance  of  the  optic  nerve,  H.  Müller  has 
found,  on  the  hyaloid  membrane,  a  somewhat  knotted  network  with  a  few 
nuclei,  probably  the  remains  of  the  foetal  vessels.  A  similar  structure  is 
found  in  the  eyes  of  animals,  on  the  obliterated  hyaloid  artery. 

B.    ACCESSORY  ORGANS. 

§  229.  The  Eye-lids  receive  their  shape  from  two  structures, 
named  the  cartilages  of  the  eye-lids,  or  tarsi,  which  are  thin,  semi- 
lunar plates,  pliant  but  very  elastic,  and  fastened  together,  both 
internally  and  externally,  by  fibrous  ligaments  (the  lig.  tarsi). 
The  histological  relation  of  these  plates  is  with  firm  connective 
tissue,  although  they  occasionally  contain  a  certain  number  of 
small  cartilage  cells;  they  measure  0-3'"  to  0'4'"  in  thickness,  and 
their  fibres  run  chiefly  parallel  to  their  borders ;  they  are  covered 
externally  by  the  orbicularis  palpebrarum  and  the  skin,  and  in- 
ternally by  the  conjimctiva.  The  external  skin  is  here  very  thin 
to  ^"),  and  the  subcutaneous  connective  tissue  is  thin,  loose, 
and  free  from  fat ;  its  epidermis  is  delicate  {o"055'"  to  0-058"' in 
thickness),  and  it  is  provided  with  short  papillse  (-gV  '  to  ^V")  ;  it 


SECT.  229.] 


THE  EYE-LIDS. 


575 


possesses^  however,  small  sudoriparous  glands  (  ^q'"  to  -^o'")  in  its 
whole  extent,  and  almost  invariably  is  furnished  with  numerous 
small  hairs,  many  of  which  are  without  sebaceous  glands.  These 
hairs  present  a  more  considerable  development  at  the  border  of 
the  tarsi,  where  they  form  the  eye-lashes,  and  are  then  provided 
with  small  sebaceous  glands.  The  Meibomian  glands  completely 
agree  with  sebaceous  glands  in  their  structure  and  secretion,  but 
are  somewhat  different  in  form.  They  are  twenty  to  forty  in 
number^  and  form  elongated,  white  racemes^  situated  parallel  to 
one  another  in  the  tarsal  cartilages,  so  that  the  axis  of  each  gland 
is  at  right  angles  with  the  long  axis  of  the  eye-lids.  These  glands 
may  be  seen  without  trouble  on  the  everted  eye-lid,  occupying  a 
portion  only  of  the  breadth  of  the  tarsi ;  each  of  them  consists  of 
a  straight  excretory  duct,  O'O^"  to  O'os"  wide,  opening  on  the 
inner  margin  of  the  free  border  of  the  eye-lid ;  at  the  aperture  it 
is  lined  by  ordinary  epidermis  with  mucous  and  horny  layers, 
while  further  inwards  it  presents  the  same  condition  as  in  the 
sebaceous  glands.  It  is  beset  in  its  whole  course  with  short, 
pedunculated  gland-vesicles,  round  or  pyriform,  isolated  or  grouped. 
These  acini  measure  from  o'o^"  to  0-07'"  and  o'l'"  in  diameter, 
and  in  them  a  continual  production  of  round  fatty  cells  goes  on, 
in  the  manner  already  described  for  the  sebaceous  glands  (§  74). 
The  cells  measure  0*005'"  o*oi"',  and  are  only  distinguished  from 
ordinary  sebaceous  cells  by  the  circumstance  that  their  fat-globules 
do  not  usually  coalesce  into  large  drops,  but  remain  separate. 
Whilst  these  cells  are  moving  towards  the  excretory  duct,  they 
gradually  break  down  into  a  creamy  whitish  substance  composed 
of  fat-globules,  forming  the  so-called  lema  s.  sebum  palpebrale. — 
The  orbicularis  palpebrarum  muscle  is  composed  of  transversely 
striated,  but  rather  thin  and  pale  muscular  fibres,  and  lies  imme- 
diately beneath  the  skin,  while  on  its  internal  aspect,  it  is  sepa- 
rated from  the  tarsi  by  a  layer  of  loose  connective  tissue  containing 
a  little  fat  j  hence  it  can  be  readily  raised  in  a  fold  from  the  tarsi, 
along  with  the  skin.  It  is  only  towards  the  free  border  of  the 
eye-lid  that  this  muscle  is  more  firmly  connected  with  the  tarsus, 
and  it  here  presents  a  bundle  situated  at  the  extreme  edge,  and 
separated  from  the  rest  of  the  muscle  by  the  follicles  of  the  eye- 
lashes ;  this  has  been  named  the  ciliary  muscle  (musculus  ciliaris. 
Riolan),  of  which  some  few  bundles  lie  behind  the  ducts  of  the 
Meibomian  glands. 

The  mucous  membrane  of  the  eye-ball,  or  cotijunctiva,  com- 
mences at  the  free  border  of  the  eye-lid  as  an  immediate  con- 
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tinuation  of  tlie  external  skin,  lines  tlie  posterior  surfaces  of  the 
eye-lids,  and  is  tlien  reflected  upon  the  eye-ball,  and  covers  the 
most  anterior  part  of  the  sclerotic  and  the  whole  of  the  cornea. 
The  conjunctiva  palpebrarum  is  a  reddish  membrane,  o'i2'"  to 
o-i6'"  thick,  which  is  very  intimately  connected  with  the  posterior 
surface  of  the  tarsus,  and  consists  of  a  dense  layer  of  connective 
tissue  corresponding  to  the  cutis,  and  measuring  O'oS'''  to  o- 1 1"'  in 
thickness;  on  this  is  placed  a  lamellated  epithelium,  0-04'''  thick, 
with  elongated  cells  in  the  deeper  portions,  and  on  the  surface, 
polygonal,  slightly  flattened,  nucleated  cells,  which  have  no  ciha,  as 
far  as  I  have  been  able  to  observe,  on  the  human  conjunctiva. 
Papillae  also,  similar  to  those  of  the  cutis,  exist  on  the  conjunctiva 
of  the  eye-lids,  some  of  them  small  and  more  cylindrical,  others 
being  larger,  up  to  in  length,  and  of  a  wart -like  or  fungiform 
shape ;  these  larger  papillse  are  found  especially  in  the  neighbour- 
hood of  the  reflexion  of  the  membrane,  where  the  whole  structure 
becomes  increased  in  thickness.  At  the  flexure  itself,  C.  Krause, 
Sappey,  and  W.  Krause  describe  small  racemose  mucous  glands, 
tV  to  in  diameter,  which  W.  Krause  has  counted  to  the 
number  of  forty-two  in  the  upper  lid,  between  two  and  six  only  in 
the  lower.  The  conjunctiva  sclerotica^  is  white,  less  dense  and 
thick  than  that  of  the  lids,  well  supplied  with  fine  elastic  fibres, 
and  is  loosely  attached  to  the  sclerotic  by  a  large  quantity  of  sub- 
mucous connective  tissue,  containing  more  or  less  fat-cells.  Papillae 
and  glands  are  completely  absent  from  this  membrane,  when  it  is 
traced  past  the  flexure ;  but,  on  the  other  hand,  the  epithelium  is 
well  developed ;  while  on  the  conjunctiva  cornece,  beneath  the  epi- 
thelium, we  may  frequently  observe  a  very  distinct,  structureless, 
narrow  band,  forming  the  outermost  lamina  of  the  proper  mucous 
membrane.  At  the  edge  of  the  cornea,  the  sclerotic  conjunctiva, 
especially  in  old  people,  forms  a  slight  circular  swelling,  J  to  i  line 
broad,  the  anmdus  conjunctivce,  which  extends  for  a  little  way  over 
the  cornea,  at  its  upper  margin  particularly.  We  have  already 
spoken  of  the  conjunctiva  of  the  cornea,  and  have  only  now  to 
make  mention  of  the  plica  semilunaris,  or  third  eye-lid,  at  the 
inner  angle  of  the  eye.  This  is  a  simple  fold  of  the  sclerotic  con- 
junctiva, the  anterior  portion  forming  a  rounded  elevation,  the 
caruncula  lacrymalis,  which  contains  about  a  dozen  fine  hairs, 
with  an  equal  number  of  racemose  sebaceous  glands,  l'"  to 
lying  around  them,  and  surrounded  by  numerous  fat-cells. 

The  lacrymal  apparatus  consists  essentially  of  the  lacrymal 
glands  —  a  number  of  compound  racemose  glands  of  various  sizes 
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arranged  in  two  groups^  wliicli  constitute  the  so-called  upper 
and  lower  glands;   in  their  structure,  they  exhibit  larger  and 
smaller  lobules^  with  roundish  gland-vesicles  (0-02''' to  0"04''' wide)^ 
and  in  these  respects  they  completely  agree  with  the  salivary  and 
mucous  glands  (see  §  §  133  and  135).    Their  excretory  ducts,  six 
to  twelve  in  number^  penetrate  the  conjunctiva  in  the  fold  formed 
by  this  membrane,,  between  the  outer  part  of  the  upper  eye-lid  and 
the  ball ;  they  are  extremely  fine  canals,  composed  of  connective 
tissue  with  some  nuclei  and  elastic  fibres,  and  of  a  cylindrical 
epithelium ;  the  ducts  are  extremely  difficult  of  demonstration  in 
man,  but  may  be  readily  seen  in  animals,  in  the  ox,  for  example. 
— Just  as  simply  constructed  as  the  excretory  ducts  of  the  lacrymal 
glands  are  the  passages  which  convey  away  the  tears ;  they  consist 
of  a  dense  connective  tissue  with  numerous  networks  of  fine  elastic 
fibres,  especially  in  the  lacrymal  canals,  and  this  forms  a  continua- 
tion of  the  conjunctiva  into  the  mucous  membrane  of  the  nasal 
cavity;  it  is  lined  by  an  epithelium,  of  the  lamellated  pavement 
variety  upon  the  lacrymal  canals,  as  in  the  conjunctiva;  but  on 
the  lacrymal  sac  and  duct,  furnished  with  cilia,  as  in  the  nasal 
cavity. — The  muscles  of  the  eye  and  eye-lids,  as  well  as  the  muscle 
of  Hornel'  {tensor  tarsi),  all  consist  of  transversely  striated  mus- 
cular fibres,  and  neither  they  nor  their  tendons  present  any  de- 
viation from  similar  structures  in  the  trunk  and  extremities.  The 
fascia  hiilhi  oculi  s.  Tenoni  is  a  true  fibrous  membrane.  The 
trochlea  is  chiefly  composed  of  dense  connective  tissue,  in  which 
but  few  cartilage-cells  are  demonstrable. 

The  vessels  of  the  accessory  organs  described  in  this  section 
present  but  little  that  is  worthy  of  notice.  Apart  from  the  muscles 
and  the  skin,  they  are  most  numerous  in  the  conjunctiva  palpe- 
brarum, where  they  pass  into  the  papillae;  they  are  also  pretty 
numerous  in  the  lacrymal  glands  and  in  the  caruncula  lacrymalis. 
The  conjunctiva  scleroticse  also  possesses  many  vessels,  and  the 
Meibomian  glands  are  surrounded  by  some  few  within  the  tarsi. 
Except  in  the  skin  of  the  eye-lids,  lymphatic  vessels  have  only 
been  demonstrated  in  the  conjunctiva  scleroticce,  where  they  were 
seen  by  Arnold  to  form  a  fine  netAvork  at  the  border  of  the  cornea, 
becoming  more  scattered  externally,  and  then  passing  outwards  by 
several  trunklets.  The  eye-lids  and  the  conjunctiva  generally  are 
rich  in  nerves ;  but  their  arrangement  has  only  been  examined  at 
all  narrowly  in  the  conjunctiva.  In  man,  I  find  here,  as  in  the 
external  skin,  terminal  plexuses,  with  numerous  divisions  into 
tubes,  0*00 1'"  to  o'oob'"  thick,  as  far  as  to  the  border  of  the  cornea ; 
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there  are  also  pretty  distinct  indications  of  loops  and  free  termin- 
ations. Peculiar  nervous  coils,  measuring  0-02"'  to  0-028'",  were 
also  observed  in  one  case  towards  the  conjunctiva  of  the  eye-lids; 
into  these  a  single  nerve-fibre  generally  entered,  while  the  issuing 
fibres  numbered  from  two  to  four  (see  my  Micr.  Anat,  u.  i,  p.  31, 
fig.  13^  A.  3).  The  distribution  of  the  nerves  in  the  lacrymal  appa- 
ratus is  entirely  unknown. 

According  to  a  very  recent  statement  of  H.  Müller,  the  musculus  orUtalis 
of  certain  mammalia  is  composed  of  unstriatecl  fibres,  and  it  presents  the 
same  structure,  also,  in  the  orbital  cavity  of  man. 

§  230.  Physiological  Remarhs.—'f  lie  eye-ball  is  not  developed, 
as  a  whole,  from  a  single  point,  but  is  formed  by  the  meeting 
together  of  several  formations ;  one  of  them  proceeding  from  the 
central  nervous  system,  a  second  from  the  skin,  and  a  third  from 
the  parts  situated  between  these  two.    In  the  embryo  of  the  chick, 
the  primitive  optic  vesicles  spring  from  the  first  cerebral  vesicle  or 
anterior  brain,  and  are  visible  at  the  commencement  of  the  second 
day  as  two  protrusions,  which  are  at  first  sessile,  but  subsequently 
provided  with  a  hollow  peduncle,  tlie  rudiment  of  the  optic  nerve. 
At  the  commencement  of  the  third  day,  the  formation  of  the 
crystalline  lens  begins  from  the  skin  of  the  face  covering  this 
vesicle,  the  epidermis  becoming  thickened  internally,  and  intro- 
verted in  such  a  way,  that  the  anterior  wall  of  the  primitive  eye- 
vesicle  is  likewise  pushed  inwards  and  applied  to  the  posterior  wall, 
so  that  the  cavity  of  the  vesicle  completely  disappears.  A  secondary 
eye-vesicle  is  thus  formed,  which  accurately  embraces  the  lens  after 
the  manner  of  a  mould,  the  lens  having  become,  in  the  meanwhile, 
separated  from  the  remaining  epidermis  by  a  constriction,  and 
lying  beneath  the  surface.    Subsequently,  however,  the  vitreous 
body  is  developed  between  the  lens  and  the  eye-vesicle  in  a  special 
new  cavity.   It  is  not  yet  ascertained  how  this  structure  originates ; 
but  it  is  most  probable,  as  ScJwler  states,  that  it  likewise  grows 
inwards  from  the  skin,  beginning  beneath  and  behind  the  lens, 
and  being  concerned  along  with  it  in  the  introversion  of  the  pri- 
mitive eye-vesicle.    According  to  Eemak,  the  retina  is  formed 
from  the  inner  thicker  wall  of  the  inverted  or  secondary  eye- 
vesicle;  while  from  the  outer  thinner  wall  the  choroid  coat  arises, 
and  subsequently  the  iris,  from  its  anterior  border.    The  sclerotic 
and  cornea  become  applied  from  without,  when  the  eye-ball  has 
reached  this  stage ;  and  the  former  is,  in  part,  a  production  from 
the  skin. 
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The  vessels  which  occur  in  the  eye  of  the  foetus,  even  in  the 
transparent  media,  present  many  points  of  interest.  The  vitreous 
body  possesses  on  its  outer  surface,  between  the  hyaloid  membrane 
and  the  retina,  a  pretty  wide  vascular  network,  which  is  supplied 
by  branches  distributed  from  the  arteria  centralis  retinae  at  its 
entrance  into  the  eye ;  anteriorly  at  the  border  of  the  lens,  this 
network  forms  a  circular  vessel  upon  the  zonule  of  Zinn,  the  cir- 
cuius  arteriosus  Mascagnii,  from  which  vessels  then  proceed  to 
the  membrana  capsulo-pupillaris,  to  be  immediately  described. 
Besides  these  vessels,  a  special  arteria  hyaloidea,  likewise  derived 
from  the  arteria  centralis  retina?,  passes  through  the  vitreous  body 
in  the  so-called  hyaloid  canal  directly  to  the  lens,  and  ends  in  a 
multitude  of  branches,  which  join  at  very  acute  angles,  in  a  mem- 
brane lying  close  upon  the  posterior  wall  of  the  capsule  of  the 
lens.  This  membrane  is,  indeed,  a  part  of  an  outer  vascular 
capsule^  which  at  first  accurately  surrounds  the  lens ;  and  Avhose 
anterior  wall  is  supplied  by  continuations  of  the  hyaloid  artery 
round  the  border  of  the  lens,  together  with  branches  which  unite 
with  this  vessel  from  the  cir  cuius  arteriosus  Mascagnii,  and  the 
anterior  border  of  the  uvea.  Subsequently,  when  the  lens  retracts 
from  the  cornea  on  which  it  was  at  first  closely  applied,  and  the 
iris  buds  forth  from  the  border  of  the  uvea,  the  anterior  wall  of 
the  vascular  capsule  of  the  lens  is  divided  into  two  parts ;  a  middle 
anterior  part,  which  proceeds  from  the  pupillary  margin  of  the  iris, 
and  is  connected  with  this  membrane  by  vessels  so  as  to  close  the 
pupil  {membrana  pupillaris) ;  and,  secondly,  an  outer  posterior 
part,  which  passes  backwards  from  the  same  point  to  the  border 
of  the  lens  (membrana  capsulo-pupillaris).  The  more  the  iris  and 
the  chambers  of  the  eye  are  developed  and  the  lens  recedes,  the 
more  distinct  this  latter  portion  of  the  vascular  capsule  becomes ; 
till  at  last  it  appears  as  a  delicate  membrane  traversing  the 
posterior  chamber  of  the  aqueous  humour.  The  venous  blood  of 
all  the  parts  mentioned,  is  returned  by  the.  veins  of  the  iris,  and 
the  blood  of  the  outer  surface  of  the  vitreous  body  returns  also  by 
the  veins  of  the  retina,  and  perhaps,  also,  by  a  ve7ia  hyaloidea 
(whose  existence  is  doubted  by  many  authors,  and  never  observed 
by  myself),  which  is  said  to  take  the  same  course  as  the  arteries. 
With  regard  to  the  genetical  signification  of  the  vascular  capsule, 
nothing  has  hitherto  been  ascertained  concerning  it.  I  found  it 
composed  of  a  homogeneous  tissue,  with  a  few  interspersed  cells ; 
and  I  regard  it  as  a  structure  corresponding  to  the  cutis,  which 
becomes  detached  from  the  general  integument  along  with  a  part 
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of  the  epidermis,  during  the  formation  of  the  lens,  and  thus  comes 
to  lie  within  the  eye.  The  vitreous  body  may,  then,  be  looked 
upon  in  the  light  of  undeveloped  subcutaneous  connective  tissue ; 
and  the  more  so  since  all  the  subcutaneous  connective  tissue  of 
the  embryo  is  at  one  period  perfectly  gelatinous  (as  I  have  shown  m 
§  29  of  this  work,  3rd  Germ,  ed.)  ;  again,  the  enamel  organ,  which 
also  belongs  to  this  category,  bears  a  striking  resemblance  to  the 
mucous  tissue  of  the  vitreous  body,  both  in  appearance  and  con- 
sistence. 

With  regard  to  the  histological  development  of  the  eye,  the  follow- 
ing remarks  only  require  to  be  made  here.    At  an  early  period,  the 
eye  consists  in  all  its  parts  of  homogeneous  formative-cells,  which 
Fig.  238.  in  the  course  of  time  become  transformed 

into  the  different  tissues.  In  the  fibrous  coat, 
the  cells  become  converted,  in  the  second 
and  third  months,  into  connective  tissue,  in 
the  manner  before  described  (§  26) ;  and  at 
the  same  time,  the  cornea  and  sclerotic  ex- 
hibit a  distinction,  they  being  at  first  quite 
the  same  in  external  appearance,  and  consti- 
tuting only  a  single  coat.    In  the  uvea,  the 
cells  are  mostly  employed  in  the  formation 
of  the  vessels ;  another  part  of  them  is  con- 
verted into  the  inner  and  outer  pigment 
layers,  pigment  granules  being  deposited  at 
the  commencement  of  the   third  month; 
while  a  third  part  develops  into  the  muscles, 
nerves,  epithelial  and  connective  tissues  of 
this  coat.    In  the  retina,  the  development  of 
the  nerve-cells  and  of  the  so-called  '  granules^ 
from  the  embryonic  cells,  can  be  readily 
traced.    I  have  observed  the  cones  to  de- 
velop in  the  same  way ;  and  in  the  frog  I 
believe  I  am  warranted  in  assuming  that  the 
rods  are  nothing  but  elongated  cells  (see  my 
Micr.  Anat.,  ii.,  2,  p.  730)  ;    on  the  other 
hand,  the  formation  of  the  rods  in  mam- 
malia, and  that  of  the  nerve-fibres  them- 
selves, have  not  yet  been  followed.  The 
lens,  lastly,  consists  at  its  origin  entirely  of 
cells,  which,  in  the  course  of  time,  pass  into 
The  fibres  of  the  lens  of  the  foetus,  and  of  that  of  the 


Fibres  of  the  lens  of  an  adnlt 
in  process  of  development  ; 
magnified  350  times.  1.  a 
young  fibre  with  the  nucleus 
at  the  anterior  extremity ; 
seen  from  the  surface  and  from 
the  side.  2.  a  similar  fibre,  in 
which  the  elongation  forwards 
is  commencing.  3.  a  rather 
long  fibre,  elongated  towards 
both  extremities;  a.  its  pos- 
terior, b.  its  anterior  ex- 
tremity. 


fibres. 
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childj  each  presents  only  a  single  nucleus;  and^,  from  this  fact, 
I  concur  with  H.  Meyer  in  drawing  the  conclusion,  that  each  of 
the  fibres  is  developed  from  a  single  cell.  These  nuclei,  considered 
in  their  totality,  form  a  thin  layer,  proceeding  from  the  margin  of 
the  lens  through  its  anterior  half,  and  having  a  slight  convexity 
forwards  (nuclear  zone  of  Meyer)  ;  while  in  the  inner  parts,  the 
nuclei  are  smaller,  as  if  in  the  act  of  dissolution,  whence  it  may 
be  concluded  that  the  lens  grows  from  without  by  the  apposition 
of  thin  laminse.  The  cells  which  go  to  form  the  tubules  of  the 
lens  are  those  which  are  situated  at  the  anterior  half  of  the  cap- 
sule; and,  from  what  I  have  seen,  the  starting-point  in  the 
formation  of  the  elements  of  the  lens  is  at  the  border  of  the  organ. 
Even  in  the  lens  of  the  adult,  as  I  have  shown  [Micr.  Anat.,  ii.,  2, 
p.  730,  et  seq.),  all  stages  of  development  in  the  fibres  of  the  lens 
(fig.  238)  may  be  seen  at  the  border  of  the  organ,  and  we  can  at 
the  same  time  convince  ourselves  that  the  fibres  really  arise  from 
the  cells  of  the  epithelium. 

Investigation  of  the  Orgcm  of  Vision. — The  fibrous  coat  of  the  eye  is  to  be 
examined  in  its  fresh  state,  and  in  softened  sections  of  dried  preparations  ; 
the  latter  especially  give  good  views  of  the  cornea,  and  of  its  transition  into 
the  sclerotic.  If,  after  the  removal  of  the  vitreous  body  and  lens,  the  iris  and 
chorioidea  be  dried  together,  tlieir  connection  with  each  other  and  with  the 
fibrous  tunic,  may  also  be  studied.  In  order  to  see  the  nerves  and  vessels  of 
the  cornea,  the  cornea  of  a  fresh  eye  is  to  be  cut  off,  along  with  the  border 
of  the  sclerotic,  by  means  of  a  circular  section,  and  the  whole  is  then  to  be 
divided  into  three  or  four  segments  ;  they  should  then  be  notched  at  the  cut 
edges,  in  order  to  lay  them  flat,  moistened  with  the  aqueous  humour,  and 
covered  with  a  glass  plate.  The  nervous  trunks,  which  are  mostly  dark  in  this 
situation,  are  first  to  be  sought  with  low  magnifying  powers  at  the  border  of 
the  cornea,  and  then  traced  onwards  with  stronger  lenses.  The  nerves  are 
most  beautiful  in  the  eye  of  the  rabbit,  where  I  can  recognise  their  trunks 
with  the  naked  eye;  but  they  can  also,  as  a  rule,  be  readily  found  in  other 
eyes,  though  they  are  always  difficult  to  trace  towards  the  middle.  If  the 
epithelium  is  turbid,  it  must  be  removed  by  caustic  soda,  which  does  not  at 
first  alter  the  nerves.  The  vessels  are  mostly  found  filled  with  blood,  and 
present  no  difficulties.  The  epithelium  of  the  cornea  is  seen  very  well  from 
the  surface  on  sections  of  dried  preparations,  and  also  by  scraping  it  off. 
The  membrane  of  Demoitrs  is  very  distinct  in  sections,  and  sometimes  its 
epithelium,  too  ;  or  the  latter  may  be  very  well  seen  from  the  surface,  or  on 
detached  shreds  of  the  membrane.  The  transition  of  this  membrane  into 
the  ligamentum  iridis  pectinatmn,  is  recognised  upon  sections  and  by  careful 
dissection.  In  the  latter  case,  the  iris  and  the  choroid  must  be  detached, 
and  the  inner  wall  of  the  canal  of  Schlemm  is  to  be  carefully  removed  along 
with  them ;  portions  of  the  membrane  of  Bemours  may  then  often  be 
separated  without  difficulty.  The  uvea  presents  but  little  difficulty.  The 
pigment-cells  of  the  stroma,  witli  their  processes  and  the  internal  pigment, 
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are  easily  seen,  the  latter  at  the  edge  of  a  folded  piece  of  the  membrane,  and 
on  carefully  detached  portions.  A  fresh  eye  is  necessary  for  the  examination 
of  the  ciliary  muscle,  as  its  elements  soon  cease  to  be  recognisable.  The 
muscles  of  the  iris  are  to  be  studied  in  a  blue  eye,  especially  in  that  of 
a  child  after  the  removal  of  the  posterior  pigment ;  also  in  the  eyes  of  white 
rabbits,  in  which  the  spltmcter  jjupillce  is  readily  seen  without  further  trouble 
on  the  addition  of  acetic  acid.  The  same  preparation  may  be  employed  for 
the  examination  of  the  nerves  of  the  iris,  but  a  perfectly  fresh  eye  and 
diluted  caustic  soda  are  indispensable  conditions  in  the  investigation.  Many 
observations  on  the  uvea  are  facilitated  by  blanchiüg  it  with  chlorine-water, 
as  is  recommended  by  Wittich.  The  retina  must  be  examined,  when  fresh, 
from  the  surface,  upon  perpendicular  sections,  and  upon  the  borders  of 
folds  ;  it  should  be  studied  first  with  aqueous  humour,  and  without  the 
employment  of  a  covering-glass  ;  slight  compression  and  teasing  of  it  out 
may  also  be  practised  in  its  subsequent  examination.  Chromic  acid  ]3re- 
parations  are  here  very  important.  Chromic  acid,  indeed,  partially  alters 
the  rods,  but  by  no  means  invariably,  and  it  preserves  other  parts  so  much 
the  better;  indeed,  without  this  re-agent,  Müller  and  myself  could  never 
have  arrived  at  the  results  above  given,  although  Hannover  erroneously 
objects  to  its  use  on  account  of  its  action  on  the  rods.  The  best  way  of  using 
chromic  acid  is  to  ajiply  it  immediately  to  a  perfectly  fresh  retina,  and  to 
follow  all  the  stages  of  its  action  step  by  step.  If  a  very  diluted  solution  be 
employed,  the  elements  are  very  little  altered,  and  can  be  readily  isolated  ; 
if  the  solution  is  somewhat  concentrated,  sections  can  be  made,  more  espe- 
cially through  the  retina  ;  and  without  these,  no  complete  view  of  the 
structure  of  this  membrane  can  be  obtained.  I  make  them  by  spreading 
out  a  piece  of  retina  upon  a  slip  of  glass,  with  a  solution  of  chromic  acid,  in 
such  a  manner  that  it  lies  flat  and  cannot  float.  These  sections  are  to 
bo  made  as  fine  as  possible  with  a  sharp  convex  scalpel  or  razor,  and 
they  should  be  taken  from  the  edge  of  a  cut  surface  by  pressure  from 
above  ;  this  is  easily  done  after  a  little  practice.  It  is  good,  however,  to 
guide  the  cutting  scalpel  by  means  of  a  scalpel-handle  brought  under  it 
with  the  other  hand,  until  it  is  immediately  over  the  margin  of  the  retina. 
Such  sections  are  more  especially  to  be  made  in  the  region  of  the  yellow 
spot,  and  afterwards  in  other  places,  both  in  a  longitudinal  and  transverse 
direction  ;  when  successful,  they  should  present  but  a  few  layers  of  the 
elements.  The  individual  laminae  are  very  sharply  marked  off  from  each 
other,  and  they  are  first  to  be  studied  on  these  sections  ;  afterwards  the 
several  layers  may  be  carefully  teased  out  or  rendered  more  transparent  with 
caustic  soda  ;  though  this  re-agent  is  not  generally  of  much  use,  because  it 
causes  the  elements  to  become  exceedingly  pale.  The  hyaloid  membrane  is 
always  easily  detached  posteriorly  from  the  retina  along  with  the  vitreous 
body,  and  may  be  recognised  in  every  eye  on  sections  of  the  surface  of  the 
vitreous  body  under  the  microscope ;  in  its  folds  it  may  be  partially  dis- 
tinguished by  the  naked  eye.  The  zonula  Zinnii,  on  the  other  hand,  is,  in 
fresh  eyes,  always  covered  by  detached  pigment  and  colourless  epithelium 
from  the  ciliary  processes,  and  at  its  posterior  end  it  is  overlapped  by  the 
retina,  so  that  it  cannot  be  well  seen  here  ;  but  it  is  readily  traced  at  its  free 
anterior  part.  Nevertheless,  without  other  preparation  than  removing  as 
much  as  possible  of  the  adhering  structures  with  a  brush,  pretty  distinct 
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views  of  the  zonula  may  be  obtained.  Sections  of  the  zonula,  separated  from 
the  vitreous  body,  should  also  be  examined  on  their  inner  and  outer  surfaces, 
and  preparations  may  also  be  made  by  teasing  out  the  component  structures. 
Borders  of  folds  should  also  be  studied,  particularly  folds  of  the  inner  sur- 
face, which  may  be  obtained  by  a  little  care  in  the  whole  extent  of  the  zonula, 
and  at  the  place  of  its  attachment  to  the  retina.  The  zonula  may  be  ob- 
tained in  connection  with  the  hyaloid,  and  isolated  from  the  retina  and  from 
the  cells  of  the  cihary  process,  in  half-putrid  eyes,  and  after  maceration  of  the 
vitreous  body; -such  preparations  are  especially  adapted  to  show  that  the 
zonule  is  a  part  of  the  hyaloid,  as  well  as  to  exhibit  the  manner  in  which  its 
fibres  appear,  and  are  distributed.  For  the  study  of  the  fibres  of  the  zonule, 
I  may  also  recommend  chromic  acid  preparations,  in  which  they  become  quite 
dark  and  shining,  almost  like  elastic  fibres.  The  capsule  of  the  lens  and  the 
epithelium  present  no  difficulties.  The  tubules  composing  the  lens  are, 
when  fresh,  very  transparent,  but  become  extremely  distinct  in  diluted 
chromic  acid.  Sections  of  the  lena  are  readily  obtained  from  preparations 
which  have  been  hardened  in  alcohol  or  chromic  acid,  or  been  simply  dried  ; 
and  such  sections  can  be  restored  to  their  transparency  by  acetic  acid.— The 
accessory  organs  of  the  eye  do  not  require  to  be  specially  noticed  ;  but  it  may 
be  remarked  with  reference  to  the  Meibomian  glands,  that  they  can  be  best 
seen  on  cleanly  dissected  tarsi  which  have  been  treated  with  acetic  acid  and 
alkalies  ;  and  they  are  to  be  studied  also  on  longitudinal  and  transverse 
sections  of  preparations  which  have  been  dried. 
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in  Allgem.  Med.  CentraU.,  1854,  ^^o-  i- ;  M.  de  Vintschgau,  in  Sitz.  d.  Wiener 
Akad.,  1854  ;  Bergmann,  in  Zeitsch.  f.  rat.  Med.  N.  F.  v.,  p.  245  ;  Blessig,  De 
RetincB  Structura,  Diss,  inaug.,  Dorp.,  1855  ;  Bergmann, in  Gdtt.Anz.,  1855,^0. 
181,  and  in  Zeitsch.  f.  rat.  Med.,  3,  E.  ii.,p.  83  ;  J.  Goodsir,  in  Fdinl?.  Med. 
Joiirn.,  1855,  p.  377  ;  H.Müller,  in  Zeitschr.  f.  wiss.  Zool.  viii.,  p.  i,  and 
Comptes  Re?idus,  1856,  Oct. ;  M.  Schultze,  Berl.  Monatsder.,  1856  ;  Lehman, 
Ex2^.  q.de  Nervi  Opt.  dissecti  ad  RetincB  text,  vi,  Dorp.,  1857  ;  Th.  Nünnelet, 
in  Quart.  Journ.  of  Micr.  aS(?.,i858,  July. —  Vitreous  Body :  E.  Brücke,  in  Müll. 
Arch.,  1843,  P-  345?  ^'^^  1^45;  P-  130  5  Hannover,  in  Müll.  Arch.,  1845,  p. 
467  ;  W.  Bowman,  in  the  work  above  quoted,  and  in  DuU.  Quart.  Journal, 
Aug.,  1845,  p.  102  ;  ViRCHOW,  in  Verh.  cl.  Wiirzb.  Rhys.  Med.  Gesellsch.  ii.,  p. 
317,  and  in  Arch.f.  Ratli.  Anat.  iv.,  p.  468,  v.,  p.  278  ;  Doncan,  in  Ned.  Lancet., 
1853-54,  p.  625;  Finkbeiner,  in  Zeitschr.  f.  wiss.  Zool.  vi.,  p.  330. — Lens: 
W.  Werneck,  in  Ammon's  Zeitschr.,  vols.  iv.  and  v. ;  A.  Hannover,  in  Müll. 
Arch.,  1845,  p.  478;  Harting,  Histiolog.  Anteehenigen,  1846,  pp.  i — 7,  and 
Rech.  Micrometriques  ;  Mensonides,  in  Ned.  Lane,  1848,  pp.  694  and  709  ;  H. 
Meyer,  in  Müll.  Arch.,  18 51,  p.  202 ;  Strahl,  in  Arch.f.  Rhys.  Keilk.  xi.,  332; 
Kölliker,  in  Zeitschr.  f,  wiss.  Zool.  vi.  p.  142  ;  Thomas,  in  Drag.  Viert.,  Bd.  i. ; 
Lohmeter,  in  Zeitschr. f.  rat.  Med.  N.  F.,  Bd.  v. ;  Czermak,  in  Zeitschr. f.  wiss. 
Zool.  vii.,  p.  1 8  5  ;  EoBiN,  in  Arch,  d'  Ophthalm.  v. ;  Th.  Ndnnelet,  in  Journal  of 
Microsc.  Sc.,  April,  1858,  p.  136. — Development  of  the  Eye:  H.  Schöler,  De 
Oculi  Ecolutione,  Milan,  1849,  Diss;  Eemak,  in  his  large  work  on  Develop- 
ment, 1850,  and  1851  ;  Henle,  De  Memhr.  Rupillari,  Bonn,  1832;  Eeich, 
De  Menibr.  Pupillari,  Berol,  1833  ;  J.Müller,  Arnold  and  Henle  on  the 
M.  Capsulo-pvpill.,  in  Ammon's  Zeitschr.  ii.,  p.  391,  iii,  p.  37,  iv.,  pp.  23  and  38. 
Compare  also,  Arnold,  Org.  Sensmm,  my  Micros.  and  the  Plates  of  the 

Eetina  in  Ecker's  Icon.  Rhys.,  by  H.  Müller  and  myself. 


II.  Or  THE   OßGAN  OE  HeARING. 

§  231.  The  organ  of  hearing  consists  of  proper  sensory  parts, 
■^Tith  the  expansion  of  the  auditory  nerve,  which  are  contained  in 
the  bony  substance  of  the  labyrinth ;  together  with  special  acces- 
eorj  apparatus,  the  outer  and  middle  ear^  which  are  principally 
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destined  for  tlie  reception  and  conduction  of  tlie  undulations  of 
sound. 

§  232.  External  and  Middle  Ear. — The  auricle  and  the  car- 
tilaginous external  auditory  meatus  are  supported  by  the  cartilage 
of  the  ear  {eartilago  aurls).  to  i'"  in  thickness,  Trhich  is  very 
pliant  when  covered  with  its  perichondrium,  but  is  otherwise  very 
brittle.  This  cartilage,  whose  form  is  well  known,  approximates 
in  its  structui-e  to  the  yellow  or  reticidate  cartilage,  yet  it  is  dis- 
tinguished from  it  by  a  considerable  preponderance  of  large 
cartilage-cells,  o-oi'"  in  size,  in  the  striated  matrix.  It  is  covered 
by  the  external  shin,  which  scarcely  contains  any  fat,  except  in  the 
lobules,  and  is  closely  adherent  to  the  cartilage  on  the  concave  side 
of  the  pinna,  where  it  is  characterised  by  its  great  abundance  of 
glands.  The  glands  are,  first,  ordinary  ■-e'^i-aceous  glands,  whicli 
are  most  developed  in  the  concha  and  scaphoid  fossa,  attaining 
liere  a  diameter  of  5'  '  to  i" ;  secondly,  small  sudoriparous  glands, 
on  the  convex  side  of  the  pinna  ;  lastly,  the  cernminons  glands, 
which  have  been  previously  described  (§  72),  in  tbe  cartilaginous 
external  auditory  passage  itself.  In  the  latter  situation,  the  cutis 
measmTs  4-"'  to  i"',  without  the  epidermis,  which  is  to  ^-V;'" 
in  thickness;  besides  the  ceruminous  glands,  it  possesses  liairs 
and  sebaceous  glands,  lying  in  a  dense  subcutaneous  tissue:  in 
the  meatus  osseus,  on  the  other  hand,  the  skin  is  very  delicate, 
studded  up  to  the  membrana  tympani  with  numerous  fine  papillae 
(GerlacJi),  and  very  firmly  blended  with  the  periosteum  of  the 
meatus. 

The  middle  ear,  together  with  the  ossicula,  tendons  and  nerves 
contained  in  it,  is  lined  in  all  its  spaces  by  a  delicate  mucous 
membrane,  which  is  more  fragile  in  the  mastoid  cells,  upon  the 
ossicula  when  it  also  forms  the  memhrana  olturatoria  stapedis), 
and  upon  the  membrana  tympani,  than  in  the  accessory  cavities  of 
tlie  nose;  it  is  thickest  in  the  Eustachian  tube.  Its  epithelium  is, 
at  the  places  last  mentioned,  laminated  and  provided  with  cilia, 
0-024'"  thick:  this  is  transformed  in  the  tympanic  cavity  into  a 
thin  ciliated  layer  of  pavement-cells,  in  one  or  two  strata,  which, 
extends  to  the  accessory  cavities ;  this,  however,  is  replaced  at  the 
tvmpanic  membrane  by  a  simple  non-ciliated  pavement  epitbelium, 
as  we  have  lately  found  in  an  executed  criminal.  The  membrane 
of  the  tympanum  consists  of  a  middle  fibrous  plate,  which  com- 
mences at  the  sulcus  tympanicus  in  connection  witb  the  periosteum 
lining  the  tympanum  and  the  meatus  osseus,  and  connected 
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also  with  the  cutis  lining  the  latter.  At  its  origin^  this  fibrous 
plate  is  composed  of  a  dense  band  of  fibres,  the  majority  of  which 
are  circular^  and  form  the  so-called  annulus  cartilagineus ;  the 
outer  surface  of  this  membrane  is  formed  by  radiating  fibres^ 
diverging  from  the  handle  of  the  malleus  which  is  inserted  here ; 
the  inner  surface  is  made  up  of  more  circular  elements.  The  two 
layers  may  be  separated  from  each  other^  and  they  are  both  com- 
posed of  bundles  of  connective  tissue  with  plasmatic  cells.  On 
the  outer  aspect  of  the  membrana  tympanic  a  delicate  covering  of 
epidermis  is  prolonged  from  the  external  auditory  meatus,  along 
with  a  process  from  the  corium  {Arnold,  v.  Tröltsch),  but  this 
latter  can  scarcely  be  regarded  as  a  complete  covering  (Gerlach). 

The  ossicula  auditus  chiefly  consist  of  spongy  osseous  substance 
with  a  delicate  compact  cortex^  and  their  articulations  and  liga- 
ments are  exact  representations  in  miniature — even  down  to  a  layer 
of  cartilage  in  a  single  lamina — of  similar  structures  elsewhere. 
Their  muscles  are  transversely  striped  like  those  of  the  external 
ear. — The  Eustachian  tube  is  mainly  composed  of  a  cartilaginous 
basis,  which  in  its  structure  approaches  the  true  cartilages^  but 
generally  has  a  pale  fibrous  matrix;  in  this  cartilaginous  part, 
especially  towards  its  mouthy  the  tube  is  provided  with  numerous 
racemose  mucous  glands  of  exactly  the  same  nature  as  those  of 
the  pharynx,  the  mucous  membrane  of  which  is  continued  without 
any  perceptible  boundary  into  that  of  the  tube. — The  external  ear 
is  provided  with  vessels  and  nerves  in  the  same  manner  as  the 
outer  skin.  In  the  middle  ear,  the  mucous  membrane  of  the  walls 
of  the  tympanic  cavity  and  tuba  Eustachii  are  especially  rich  in  ves- 
sels. The  membrana  tympani  is  also  plentifully  supplied;  and  here 
the  largest  arteries  and  veins  run  along  the  handle  of  the  malleus^ 
in  the  outer  layer  of  cutis,  and  form  arterial  and  venous  vascular 
rings  at  the  circumference  of  the  membrane,  besides  ramifying 
abundantly  in  the  mucous  membrane.  The  nerves  are  chiefly 
from  the  fifth  pair,  and  from  the  glosso-pharyngeal ;  taken  as  a 
whole,  they  ramify  scantily  in  the  mucous  membrane.  Their 
terminations  are  unknown;  except  that  the  tympanic  nerve  has 
been  found  to  contain  numerous  large  ganglionic  cells,  isolated 
or  in  groups.  On  the  membrana  tympani_,  the  chief  nervous  trunk, 
which  lies  in  the  outer  layer  of  cutis  (from  the  vagus  (?),  according 
to  Sappey),  descends  from  the  periosteum  at  the  upper  border  of 
the  meatus,  gives  off  branches  in  the  neighbourhood  of  the  pro- 
cessus hrevis,  and  then  proceeds  in  the  direction  of  the  handle  of 
tlie  malleus  and  may  be  followed  beneath  it,  dividing  into  fine 


SECT.  233.]  THE  rSTEHSAL  ZAB. 

twigs      TröltMh.    ^ --rve-Sbr-?  liave  .  -    .  ^ 

in  the  mucous  coreri:: ^'  ::  ziei:i'-ri^r. 


nndei.  -  :  :   

respects  the  z::  : 
Schlemm  ii  :  t    7  ; 
seated  a  sill  - :  tIt^tlzl 

ated  cells,  r^ei^ iniir  :  t;  :  ::: 

tie  scanty  Tcssel-  tIt  :  : 
hjmpha     w]rua       :  _i :_ 

tlie  jnnctic:!      t  ^  ^  i-  .  viii  :: 

the  tyirr  -I     .     r  :^  3  :  iri- 
membr  - 
membiJ^T  1   ::_  :  z 

and  a       11  :         z  _   _     "  ^tT  t 


f  ^-004  to  :  : : : 


izc  vessels  01  ri^z  n^: 


588 


SEMICIECÜLAR  CANALS. 


[sect.  233. 


and  form  small  arteries  and  veins,  which  are  distributed  in  numer- 
ous capillary  networks  upon  the  fibrous  and  vitreous  coats,  and 
most  abundantly  in  the  neiglibourliood  of  the  terminations  of  the 
nerv^es.  Of  such  terminations,  only  those  of  the  auditory  nerve 
are  known ;  this  nerve  gives  off  the  nerviis  vestibuli  for  the  supply 
of  the  three  membranous  canals,  and  of  the  sacculus  ellipticus, 
while  the  round  sacculus  is  supplied  by  a  branch  from  the  cochlear 
nerve.  In  the  canals,  the  nerves  are  distributed  only  upon  the 
ampullse,  in  each  of  which,  as  Steifensand  has  shown,  they  enter 
into  an  incurvation  or  duplicature  of  its  wall  upon  the  concave 
side  of  the  canal,  and  in  this  way  a  transverse  projection  is  pro- 
duced on  the  inner  aspect  of  the  wall,  occupying  about  one-third 
of  the  circumference.  The  nerves  divide  within  these  folds,  first  into 
two  main  branches,  which  diverge  towards  the  two  borders  of 
them,  and  then  break  up  in  the  vitreous  coat  of  the  ampulla  into 
dense  tufts  of  smaller  branches,  which  anastomose  with  each  other 
in  various  ways,  and  form  fine  twigs  containing  from  two  to  ten 
primitive  fibres,  o'ooi"'to  0*00 15'''  thick;  these  twigs  pass  through 
the  membrane  of  the  ampullae  and  end  in  the  epithelium,  which  is 
here  thicker  than  elsewhere  {Reich,  M.  ScJmUze,  and  myself); 
Fig.  239.  their  mode  of  termination  is  not  yet  suf- 

ficiently understood.  The  distribution 
of  the  nerves  is  similar  in  the  saccules, 
except  that  it  occupies  a  larger  space,  and 
the  projection  of  the  wall  in  which  the 
nerves  are  situated  is  much  less  marked 
here  than  in  the  arapullse.    At  the  place 

Transverse  section  of  a  semi-      „£•       ^  •  ,i  ■  ,  • 

circular  canal,    a.  fibrous  coat       Ot   the  UCrVOUS  CXpaUSlOU,   thCTC  CXlsts  lU 

membrane?c  epitheSnf  From     eacli  of  thc  sacculcs  a  clialk-whitc  and 

the  calf.    Mag.  250  diameters.         ^j^^^^^y    bouuded    Spot,    readily  visiblc  to 

the  naked  eye ;  it  is  fixed  on  the  internal  wall  of  a  very  clear 
membrane,  o'Oi'''  thick,  perhaps  of  the  nature  of  an  epithelium. 
Fig.  240.     This  is  the  so-called  otoconia  of  Breschet,  or  otolith,  and 
^\       is  composed  of  innumerable  round  elongated  corpuscles, 
9     ^    ©    often  in  the  form  of  double  pointed,  probably  six-sided, 
f)    ^         columns;  tliese  particles  are  suspended  in  a  homoge- 
otoiithesfrom  ucous  substauce,  and  measure  0"0004'''  to  0*005"' 

the  internal  ear  -i         , -i  1j.ii  ///  ,  //,  . 

ofthecaif.  Mag.  length,  and  the  larger  ones  are  O'ooi  to  o'002  m 
350  times.  breadth.  They  consist  of  carbonate  of  lime,  and  when 
this  is  removed,  they  leave  behind,  it  is  said,  a  small  quantity  of 
organic  matter,  but  I  have  not  yet  succeeded  in  observing  it. 


SECT.  234.] 


THE  COCHLEA. 


Fig.  241. 


by  Corti, 


§  234.  CoMea—T\\Q  canal  of  the  cochlea,  filled  with  the  fluid 
of  the  labyrinth,  contains  not  only  the  two  well-known  spiral 
cavities,  but  also  a  third  narrower  space,  which  I  propose  to  call 
the  scala  media,  situated  in  great  measure  within  the  lamina 
s'piralis.  This  is  placed  between  the  lamina  spiralis  memhranacea 
or  basilar  memhrana  of  Claudius,  on  the  one  hand,  and  a  peculiar 
second  lamina,  which  should  be  named  the  memhrana  Cortii,  on 
the  other  hand.  (This  structure  was  first  indicated 
though  it  was  not 
thoroughly  under- 
stood by  him).  At 
the  beginning  of 
the  scala  media  in 
the  vestibule,  and 
at  its  termination  ^ 
in  the  cupola  of  the 
cochlea,  its  relations 
are  not  yet  well 
understood.  The 
scalce  vestihuli  and 
tympani,  apart  from 
the  portions  of  them 
which  adjoin  the 
walls  of  the  scala 
media,  are  lined  by 
a  periosteum  dotted 
with  pigment,  which 
is  in  all  respects  con- 
structed like  that  of 
the  vestibule,  and  is  also  extended  over  a  part  of  the  lamina 
spiralis  ossea.  This  periosteum  is  covered  by  an  epithelium  0-005'" 
in  thickness,  with  delicate  flat  polygonal  cells  of  0-007'"  to  0-009'" 
in  diameter,  often  presenting  a  little  pigment  in  the  lower  animals ; 
and  this  epithelium  extends  over  those  portions  of  the  scalse 
which  adjoin  the  basilar  membrane  and  the  memhrana  Cortii.— 
The  most  important  part  of  the  cochlea  is  the  lamina  spiralis, 
taken  in  its  widest  sense,  as  including  the  membrane  of  Corti  and 
the  scala  7nedia.  In  its  osseous  zone,  it  contains  anastomosing 
canals,  with  narrow  intervals  between  them;  these  are  for  the 
reception  of  the  cochlear  nerves,  and  unite  towards  the  free  border 
of  the  lamina  to  form  a  fissure-like  space,  so  that  here  the  bony 
spiral  lamina  really  consists  of  two  plates.    The  membranous  zone 


w 


Transverse  section  through  the  spiral  lamella  of  the  first  turn  of 
the  cochlea.  From  the  ox;  magnified  100  diameters.  Sc.  t.  Scala 
tympard;  Sc.  v.  Scala  vestihuli  ;  Sern.  Scala  media  ;  a.  sulcus 
spiralis  ■  b.  teeth  of  the  first  series  ;  c.  memlrana  Cortii,  its 
thicker  part ;  d.  memhrana  hasilaris  ;  e.  Corti's  membrane,  its 
thinner  part ;  /.  lig.  spirale ;  g.  stria  vascularis  ;  h.  nervous 
expansion  in  the  zona  ossea  ;  i.  vas  spirale  internum  ;  Jc.  layer  ot 
corpuscles  of  connective  tissue,  with  varicose  processes  from  them  ; 
I.  organ  of  Corti,  only  just  indicated.— The  epithelium  is  nowhere 
shown  in  this  figure. 
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of  tlie  lamina  spiralis  lias  a  constant  breadth 
of  0*2"',  and  divides  into  tlic  two  membranes 
already  mentioned  with  the  intermediate 
space^  the  scala  media,  between  them.  Each 
of  these  parts  deserves  a  more  particular 
description. 

The  lamina  spiralis  membranacea,  in  its 
more  restricted  sense  (excluding  the  mem- 
brana  Cortii),  is  also  called  the  basilar  mem- 
brane, and  may  best  be  divided  with  Corti 
into  two  portions^  a  zona  denticulata,  and 
a  zona  pectinata.  The  former  of  these  occu- 
pies about  the  inner  two-thirds^  the  latter 
about  the  outer  third  of  the  breadth  of  the 
membranous  lamina  spiralis  ;  they  are  both 
distinguished  by  a  great  complexity  of  struc- 
ture, wdiich  has  recently  been  the  subject  of 
a  remarkable  work  by  Corti;  and,  since  this 
author,  additional  observations  have  been 
lately  made  by  myself,  Claudius,  Meissner, 
Böttcher,  and  31.  Schnitze.  Figs.  242, 243,244, 
and  245,  will  assist  in  the  explanation  of  these 
difficult  structures;  the  two  figures  which 
have  been  taken  from  Corti  are  indeed  faulty 
in  several  respects,  but  they  are  indispensably 
necessary  to  the  right  understanding  of  the 
nomenclature  adopted  by  this  writer. 

A.  The  zona  denticulata  of  the  basilar 
membrane  (figs.  242,  243,  d-v)  is  again  to 
be  resolved  into  two  portions,  the  one  inter- 

Perpendicular  section  of  the  lamina  spiralis,  six  nal,  the  httbenula  interna  S. 

lines  distant  from  its  commencement,  magnified  about  ,           ,        \    ,  i  ,^ 

225  times.   From  the  cat  or  dog.   The  epithelial  layer  SUlCata  (  a-Q),  \\\Q   OtllCr  CX- 

which  covers  the  upper  and  under  surface  is  omitted.  1             7    7  7 

a.  periosteum  of  the  zona  spiralis  ossea;  ö.  the  two  layers  teriial,  the  liabcnuLa  extevna 

of  the  lamina  spiralis  ossea  near  the  free  border ;  c,  c',  c".  ,       .      ,            /i     \  mi 

termination  of  the  auditory  nerve;  d-w.  lamina  spiralis  S.    aentlCUtata     [ll-tj.  llie 

membranacea;  d-tv .  zona  denticulata ;  d-d'-f.  haocnula  r,               .     .  , 

lormer  is  immediately  pro- 
longed (at  the  point  marked 
d)  from  the  periosteum  of 
the  osseous  zone,  on  that 
aspect  of  it  only  which  looks 
towards  the  scala  tympani  ; 
it  decreases  in  breadth  and 
thickness  from  the  bciiin- 


sulcata;  d.  spot  "where  the  periosteum  becomes  thick- 
ened ;  e.  nuclei  in  the  grooves  of  the  habenula  sulcata ; 
/-(/.  teeth  of  the  first  series;  g-f-h.  sulcus  s.  semica7ialis 
spiralis;  h.  lower  wall  of  the  same  ;  I:  epithelial  cells  at 
the  entrance  of  the  semi-canal;  h-w' habemda  denticu- 
lata ;  h-  in.  apparent  teeth  ;  n-t.  teeth  of  the  second 
series  ;  n-p.  posterior  segment  of  the  same ;  0.  enlarge- 
ment with  a  nucleus  on  it;  p)-q.  andg-r.  articular  pieces  ; 
T-t.  anterior  segment  of  the  second  series  ;  s,  s,  s.  three 
cj'lindrical  cells,  seated  upon  it ;  b-v.  membrane  which 
covers  the  habenula  denticulata ;  u.  one  of  the  epithelial 
cells  beneath  it ;  w-w'.  zona  pectinata ;  x.  periosteum 
which  fixes  the  lamina  spiralis  (muse.  cochJcaris,  Todd 
and  Iloinnan);  y.  vas  spirale  internum:  z.  its  inner 
coat.    After  Corti. 
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ning  to  the  end  of  the  cochlear  canal.  In  the  first  and  second 
turns  of  the  cochlea,  its  under  surface  lies  in 
the  place  of  the  periosteum,  on  the  outer  edge 
of  the  osseous  spire;  but  in  the  last  half-turn, 
it  is  only  limited  by  the  nervous  expansion,  so 
that  the  habenula  sulcata  is  here,  in  strictness, 
a  part  of  the  membranous  spire.  I  find  the 
habenula  sulcata  to  consist  of  a  dense  connective 
tissue,  almost  homogeneous^  but  having  a  fe^/v 
stellate  plasmatic  cells  and  scattered  capillaries. 
On  its  upper  surface^  at  the  outer  margin,  there 
is  found  an  uninterrupted  series  of  elongated 
projections,  transparent  and  with  a  peculiar 
lustre,  somewhat  expanded  at  their  extremities ; 
these  are  the  so-called  '  teeth  of  the  first  series/ 
which,  according  to  Corti,  measure  0-02'"  long, 
0'004"  to  o*o05'"  broad,  and  o'003'"  thick,  at 
their  commencement  in  the  first  turn  of  the 
cochlea,  while  in  the  last  turn  they  exhibit  a 
length  of  only  0*0 15'",  and  a  breadth  of  0'003"'. 
These  teeth  project^  with  their  one  side  free, 
into  the  scala  vestibuli_,  and  with  their  points^ 
to  which  the  membrana  Cortii  is  attached^  arch 
over  the  commencement  of  the  habenula  ex- 
terna, so  that  between  the  two  there  results  a 
pretty  deep  furrow,  opening  externally  into  the 
scala  media,  the  semicanalis  spiralis  oi  Huschhe ; 
in  the  ox,  this  remains  open  for  0*04"  in  depth 
(fig.  241).  Towards  the  axis  of  the  cochlea, 
the  above-mentioned  teeth  are  directly  con- 
tinued into  similar  elongated  prominences  or 
ribs  (fig.  243),  which  occasionally  co- 
alesce or  separate  in  pairs,  and  still 
further  inwards  break  up  into  shorter 
and  smaller  pieces,  at  first  elongated, 
and  afterwards  round.  In  the  longi- 
tudinal  and  transverse  grooves,  which   portion  of  a  tooth  of  the  second  series. 

_  '  turned  down  ;  e.  a  snnilar  tooth  in  situ 

are  found  between  these  ribs  and  pro- 
minences, and  the  teeth,  there  exists  a 
simple  series  of  dark  shining  corpuscles 
(figs.  242,  243,  e),  roundish  or  elongated, 
and  measuring  o'Ooi5'"  to  0'002'"  in 


Surface  of  the  lamina  spirnlis  mem- 
brana; the  surface  which  is  turned  to- 
wards the  scala  vestibuli ;  magnified 
225  diameters.  The  lettering  is  partly 
the  same  as  that  of  fig.  242.  a  a.  cyhn- 
drical  prominences  of  the  habenula  sul- 
cata :  ß.  place  where  a  tooth  of  the  first 
series  took  origin  ;  y.  foramina  between 
the  dents  ap2xire7its ;   8.  the  anterior 


without  its  epithelial  cells ;  g.  a  similar 
tooth  with  only  its  lowest  epithelial 
cell ;  7],  another  with  the  two  lowest 
cells;  Ö.  strise  or  slight  prominences 
in  the  zona  pectinata  ;  k.  periosteum 
giving  attachment  to  the  lamina  spiralis, 
with  spaces,  A,  between  the  fibrous 
bundles.  After  Corti. 
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size^  wliich  are  sliown  to  be  nuciei  by  the  addition  of  acetic  acid ; 
br  means  of  tliis  re-agent,  small  nncleated  cells  also  occasionally 
become  distinct  in  tbe  pale  and  swollen  teetli  and  ribs  ;  tliese 
parts,  as  well  as  tliose  to  be  immediately  described^  are  to  be 
regar-ded  as  belonging  to  tlie  gronp  of  connective  tissues. 

The  liabemda  externa  s.  denticulata  (fig.  242.  h-t)  arises  imme- 
diately from  the  habemda  sulcata  above  described,  beneath  the 
base  of  the  teeth  of  the  first  seiies ;  it  forms,  at  fii'st,  the  floor  of 
the  above-mentioned  spiral  f-arrow.  Its  thickness  amounts,  in 
most  places,  to  only  o'coi'"  ^abont  the  same  as  that  of  the  other 
membranous  lamellfe,  especially  the  zona  pectinata),  and  its 
breadth  increases  towards  the  cupola  of  the  cochlea  in  proportion 
as  that  of  the  habenula  sulcata  dimimshesj  thus  it  measures  at 
first  only  c'Cf'",  but  at  the  apex  of  the  cochlea  ci'"  in  breadih. 
TTith  regard  to  its  structure,  it  condnues  to  present,  upon  the 
side  next  the  scala  vestibuli,  a  certain  number  of  prominences, 
while  towards  the  scala  tympani  it  is  perfecily  smooth  and  even. 
The  prominences  when  traced  from  within  outwards,  present  the 
follo^^ing  arrangement.  First  of  all  come  the  so-called  '  apparent 
teeth'  {dents  apparents.  Corti),  foiming  a  close  series  of  elongated 
projections,  o'oi"'  long,  o'02"'  broad,  which  are  separated  from 
each  other  by  shallow  grooves ;  they  become  slightly  raised  to- 
wards their  outer  extremity,  and  then  suddenly  slope  down  again. 
Taken  together,  these  appai'ent  teeth  produce  a  structure  which  I 
have  designated  the  hahenula  perforata  ;  in  the  first  turn  of  the 
cochlea,  they  lie  beneath  the  teeth  of  the  first  series,  still  upon 
the  zona  ossea,  while  in  the  second  and  thii-d  tm-ns,  on  the  other 
hand,  they  lie  external  to  them,  and  with  their  under  surface 
in  immediate  contact  with  the  nerves ;  they  exhibit  fissures  or 
canal-like  spaces  between  their  outer  extremities,  and  these  are 
found  not  only  in  the  first  half-tm^n  of  the  cochlea,  as  Corti 
assumed,  but  throughout  the  whole  extent  of  the  spire.  External 
to  these  '  apparent  teeth,-'  there  follow  in  equal  numbers  the  teetJi 
of  the  second  series  Tfigs.  242,  243,  n-t),  very  curious  structures, 
discovered  and  named  by  Corti,  and  regarded  by  him  as  direct 
out-growths  of  the  basilar  membrane.  I  have  shown,  however, 
that  they  are  in  connection  with  the  cocJdear  nerves,  and  I  have 
designated  them  in  their  totality,  the  '  organ  of  Corti/  and  their 
separate  elements,  the  '  Cortian  fibres.^ 

According  to  my  most  recent  observations,  compared  with  those 
of  Corti,  Claudius,  Böttcher,  and  J/.  Schultze,  the  organ  of  Corti, 
as  far  as  we  are  warranted  in  making  any  positive  statement  about 
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it,  presents  the  following  arrangement :  In  the  neighbourhood  of 
the  foramina  of  the  habenula  perforata  ^mihi)  peculiar  rod-like 
structures  take  their  origin ;  these  are  the  Cortian  fibres,  which 
taken  together  form  a  sort  of  membrane  in  the  whole  length  of 
the  lamina  hasilarU,  lyii^g  near  that  lamina,  and  being  fastened 
to  it  at  its  outer  end.    The  membrane  formed  bv  the  Cortian 
fibres  is  convex  in  the  middle  'rising  up  towards  the  membrana 
Cortii; ,  and  may  best  be  compared  to  a  broad  but  short  bridge. 
More  narrowly  inyestigated,  this  peculiar  apparatus  is  found  to 
consist  of  two  sorts  of  pieces,  the  inner  and  outer  Cortian  fibres, 
which  although  agreeing  with  each  other  in  many  particulars,  yet 
differ  in  many  respects,  especially  in  their  numbers ;  for  the  inner 
fibres  are  more  numerous  than  the  outer  (as  Claudius  first  pointed 
out;,  so  that  three  of  the  inner  fibres  correspond  to  two  of  the 
outer  (fig.  244,  a,  I).  The  inner  fibres  commence  in  a  very  regular 
series  near  the  foramina  of  the  habenula  perforata,  where  they  are 
about  0'0ci5'"  to  0'002'"  in  breadth,  and  soon  present  on  the  side 
turned  towards  the  basilar  membrane  a  nucleated  swelling,  which 
is  produced,  according  to  SchjJ.tze,  only  by  a  celllying  on  them : 
they  then  run  outwardly,  with  a  gentle  slope  upwards,  parallel  to 
each  other,  but  separated  by  fisstire-shaped  interspaces,  and  end 
by  broadened  (o'0024"')  extremities  which  lie  close  together,  and 
are  more  raised  than  the  other  parts  of  the  fibre ;   these  were 
erroneously  regarded  by  Corti  as  being  separate  pieces,  and  were 
named  by  him.  Coins  articulaires  internes.    Upon  these  follow  the 
outer  Cortian  fibres,  beginning  by  a  slight  annular  constriction, 
and  another  similar  enlargement  of  the  fibre  up  to  Z'zzi^^i  '  ^. Coins 
articulaires  externes.  Corti) ;  these  fibres  are  fewer  in  number  and 
broader  than  the  inner  series  (fig.  244,  h).    The  outer  Cortian 
fibres  bend  downwards  back  again  towards  the  basilar  membrane, 
become  narrowed  in  the  middle,  and  expanded  at  their  farther 
extremities  into  a  triangular  end,  on  the  under  side  of  which  also, 
I  have  often  found  a  nucleated  swelling  ;  by  these  ends  the  fibres 
come  into  contact  with  the  basilar  membrane,  but  are  always 
easily  separable  from  it,  and  have  no  intimate  connexion  whatever 
with  it.    The  entire  length  of  a  Cortian  fibre,  including  the  outer 
and  inner  portions  (the  former  of  which  is  usually  somewhat  the 
longer),  amounts  to  C'CS;"'  to  ccic'":   and  as  for  their  other 
properties,  they  have  not  the  smallest  resemblance  chemically  to 
the  lamina  spiralis  memhranacea.  with  which  they  have  been  classed 
by  Corti  and  some  other  recent  writers ;  for,  on  the  very  contrary, 
they  are  tender  and  easily  destroyed  fabrics,  dissolving  instantly 
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in  dilute  caustic  soda  and  potass_,  and  destroyed  also  by  moderately 
diluted  liydrocliloric  acid.  Acetic  acid  of  moderate  strength  causes 
tliese  fibres,  in  the  ox^  to  swell  up  at  once  and  to  become  granular 
in  their  interior^  and  then  quickly  dissolves  them  ;  it  has  the  same 
action  in  the  Cortian  fibres  of  the  cat,  but  more  slowly.  Alcohol, 
ether,  chromic  acid,  concentrated  solutions  of  salt  or  sugar,  cause 
the  fibres  to  shrink,  and  when  water  is  then  added  they  swell  up 
somewhat ;  these  substances,  however,  have  certainly  a  less  harm- 
ful influence  on  the  structures  in  question  than  on  the  rods  of 
the  retina,  and  the  fibres  may  be  preserved  for  a  long  time  in 
them  ;  this,  however,  we  know  to  be  the  case  even  with  the  very 
delicate  rods  of  the  retina,  especially  in  careful  chromic  acid  pre- 
parations, and  furnishes  no  proof  of  the  greater  resistance  of  the 
Cortian  fibres,  as  has  been  assumed  by  several  modern  writers.  In 
considering  the  nature  of  the  fibres  of  CoiHi,  the  fact  is  not  with- 
out significance,  tliat  they  occasionally  exhibit  varicosities  (see  my 
Micr.  Anat.,  ii.,  2,  fig.  435,  3),  so  that  a  delicate  envelope  and 
darker  contents  may  be  distinguished  in  them. — Besides  these 
fibres,  the  organ  of  Corti  possesses  some  other  remarkable  struc- 
tures, the  chief  of  which  are  the  '  pedunculated  cells '  of  Corti,  and 
a  special  apparatus  discovered  by  myself  (see  Micr.  Anat.,  ii.,  2, 

p.  756),  which  I  will  call  the 
lamina  reticularis  cochlece. 
This  last  has  been  strangely 
overlooked  by  all  recent 
writers  with  the  exception 
of  SchuUze,  althongh  it  is 
to  be  seen  in  almost  every 
cochlea,  and  often  in  mere 
fragments  of  it ;  it  is,  how- 
ever, in  the  accurate  study 
of  its  arrangement,  one  of 
the  most  difficult  parts  of 
the  organ  to  investigate. 
This  is  not  the  place  to 
describe  this  apparatus  in 
much  detail,  so  that  I  shall 
refer  to  a  drawing  of  it,  made 
from  a  very  excellent  preparation  (fig.  244),  and  shall  only  men- 
tion briefly  its  component  parts.  These  are— i.  A  short  trans- 
parent plate  [e),  with  delicately  defined  partitions,  corresponding  in 
number  to  the  inner  Cortian  fibres.  This  plate  is  attached  to  the  line 


Fig.  244. 


Lamina  reticularis  cochlea  (mz7?i)-  From  the  ox; 
masnifled  350  diameters,  a.  outer  ends  of  the  inner 
Cortian  fibres  (Coins  arHculaires  internes,  Corti) ;  b. 
beginning  of  the  outer  Cortian  fibres  {Coins  articu- 
laires  externes,  Corti),  seen  through  the  lamina  reti- 
cularis ;  c.  an  outer  Cortian  fibre  ;  d.  end  of  the  same 
with  the  nucleated  swelling ;  e.  transparent  plate  of 
the  lamina  reticularis  \  f.  straight  rod  ;  g.  inner  arti- 
culating segment ;  h.  outer  articulating  segment ;  i, 
terminal  segment;  Ic.  foramina  of  the  first ;  of  the 
second  ;  m.  of  the  third  row.  The  great  delicacy  and 
elegance  of  these  structures  is  only  partially  rendered 
in  this  drawing. 
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of  demarcation  between  the  inner  and  outer  Cortian  fibres,  and 
appears  to  be  intimately  connected  with  the  inner  ones,  and  is 
also  nnited,  or  at  least  closely  adjacent,  to  the  structure  to  be 
immediately  described.  2.  A  reticular  lamella  in  a  more  restricted 
sense,  composed  of  four  series  of  segments  ;  a.  of  elongated  straight 
rods  (/),  slightly  swollen  at  their  end,  whose  number  is  the  half 
of  that  of  the  partitions  of  the  transparent  plate,  and  which  also  set 
out  from  the  line  of  union  between  the  two  series  of  Cortian  fibres, 
lying  above  the  outer  fibres ;  h.  of  smaller  pieces  in  the  form  of 
an  hour-glass  {g),  lying  between  the  anterior  ends  of  the  rods, 
and  which  I  will  call  the  ^ inner  articulating  segments^;  c.  of 
more  conical  bodies  (A)  situated  between  the  ends  of  those  last 
mentioned,  which  may  be  named  the  '  outer  articulating .  seg- 
ments^; d.  of  a  row  of  terminal  segments  (z),  which  in  many 
preparations  have  the  form  shown  in  fig.  244.,  while  in  others  they 
are  rectangular  pieces  lying  very  closely  upon  each  other  :  in  either 
case,  there  are  seen  to  project  from  these  segments  filiform  processes 
of  an  uncertain  nature.  These  segments  will  be  found  at  one  time 
conjoined  so  as  to  give  the  appearance  of  a  single  plate,  but  at 
other  times  they  occur  distinctly  separated  from  each  other.  Be- 
tween the  segments  of  each  row  are  found  a  series  of  apertures, 
regularly  disposed  {h^  I,  m),  which  I  have  named  the  ^ inner,  middle, 
and  outer  foramina  of  the  lamina  reticularis.^  As  to  the  size  of 
the  perforated  plate  which  is  thus  produced,  the  best  notion  will 
be  given  by  stating,  that  the  exte^^'nal  ends  of  the  outer  Cortian 
fibres  lie  in  a  line  with  the  third  row  of  foramina ;  and  as  to 
the  nature  of  the  lamina  reticularis  considered  as  a  whole,  I  can 
only  say  that  it  appears  to  have  in  every  respect  the  same  sig- 
nification as  the  Cortian  fibres,  except  that  I  have  never  observed 
nuclei  or  varicosities  on  its  component  parts ;  on  the  other  hand, 
a  variety  of  curves  may  often  be  seen,  like  those  which  frequently 
exist  on  the  fibres  of  Corti. 

The  ^pedunculated  cells'  of  Corti  are  the  most  delicate  and 
transient  structures  of  the  organ  of  Corti^  as  appears  from  the 
fact,  that  none  of  the  more  recent  observers,  with  the  exception 
of  M.  Schultze,  have  properly  recognized  them.  They  are  situated 
in  three  rows  (those  of  one  row  alternating,  it  appears  to  me,  with 
those  of  the  other),  always  over  the  foramina  of  the  membrana  re- 
ticularis ;  they  have  a  pyriform  outline,  more  or  less  stretched,  and 
are  finely  granular,  with  a  conspicuous  nucleus ;  each  of  them  is 
prolonged  internally  into  a  fine  filiform  process.  I  formerly  be- 
lieved that  these  processes  became  united  with  the  Cortian  fibres^ 
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or  rather  with  the  reticulated  lamina^  hut  I  have  now  satisfied 
myself  that  they  pass  through  the  foramina  of  the  lamina  reticu- 
laris, and  lead  into  small  spindle-shaped  cells  lying  beneath  the 
organ  of  Corti,  between  it  and  the  membrana  basilaris.  These 
cells  are  probably  connected  with  the  terminations  of  the  auditory 
nerve,  of  which  more  hereafter. 

B.  The  zona  pectiiiata  of  Todd  and  Bowman  (figs.  242,  243, 
w'-io)  is  the  outer  portion  of  the  lamina  spiralis  membranacea,  or 
basilar  membrane ;  it  is  quite  smooth  on  both  its  aspects,  and  is 
fastened  externally  to  a  projection  of  the  outer  wall  of  the  cochlear 
canal.  This  is  a  perfectly  homogeneous  lamella  which  appears  to 
be  closely  ribbed  (except  at  its  borders)  in  the  transverse  direction 
of  the  cochlear  canal,  and  thus  acquires  a  fibrous  aspect.  Exter- 
nally, a  narrow  tract  of  this  lamella  appears  perforated,  and  it  is 
here  continued  into  a  peculiar  fibrous  substance  (fig.  241,/),  which 
springs  from  the  walls  of  the  cochlea  along  a  minute  osseous  ridge, 
the  lamina  spiralis  accessoria  of  Husche.  This  fibrous  substance  is 
described  by  Todd  and  Bowman  as  the  musculus  cochlearis,  but 
as  I  find  it  nothing  but  a  form  of  nucleated  connective  tissue,  I 
prefer  to  designate  it  the  ligamentum  spirale. 

The  7nemhrane  of  Corti,  which  forms  the  opposite  boundary  of 
the  scala  media  (the  basilar  membrane  limiting  it  on  the  other 
side),  is  extremely  difficult  to  see  in  its  natural  situation.  Figure 
241  is  carefully  drawn  from  the  best  transverse  section  of  the 
cochlea  which  I  have  been  able  to  obtain,  yet  I  will  not  venture 
to  maintain  that  it  affords  a  correct  representation  in  all  its  parts. 
According  to  my  inquiries  up  to  the  present  time,  the  membrana 
Cortii  consists  of  a  special  striated  lamella,  an  epithelium,  and  a 
delicate  stratum  of  ordinary  connective  tissue.  The  epithelium 
and  connective  tissue  seem  to  be  prolongations  of  the  lining  of 
the  scala  vestibuli,  stretching  between  the  ligamentum  spirale  on 
the  one  hand,  and  the  teeth  of  the  first  series  and  the  osseous  zone 
on  the  other  hand ;  underneath  this  prolongation,  and  therefore 
looking  towards  the  scala  media,  is  the  striated  lamella,  which  alone 
constitutes  the  membrane  seen  and  described  by  Corti.  In  spite 
of  the  fact  that  this  membrane  may  be  isolated  in  every  prepara- 
tion with  the  greatest  ease,  still  no  observer  has  yet  made  out  its 
relations  in  a  satisfactory  way  :  in  figure  245,  I  therefore  give  a 
transverse  section  of  the  membrana  Cortii  from  the  first  turn  of 
the  cochlea  in  the  ox.  Here  it  will  be  seen,  that  this  structure  is 
very  thick  (up  to  0'02"',  in  a  zone  only  0*06'''  broad)  in  about  the 
half  of  its  breadth,  while  the  other  portion  runs  off  into  quite  a 
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thin  prolongation.  In  sections  made  more  carefully, 
the  thicker  portion  is  seen  to  lie  on  the  teeth  of 
the  first  series,  as  shown  in  fig.  241,  and  the  inner 
end  appears  directed  towards  the  axis  of  the  cochlea ; 
but  I  will  not  answer  for  it,  that  the  portion  which  is 
thus  bent  upwards  is  the  true  layer  of  this  membrane, 
because,  as  I  have  said,  it  is  so  excessively  difficult 
to  see  it  m  situ.  If  my  figure  should  be  incomplete 
in  this  respect,  I  should  be  inclined  to  believe  that 
the  thicker  part  of  the  striated  lamella  came  ex- 
ternally into  connexion  with  the  lamina  spiralis ; 
but  this  point  must  be  decided  by  future  observa- 
tions.— The  striated  lamella  appears  to  be  connective 
tissue.  The  thinner  portion  is  marked  with  trans- 
verse strise,  and  the  thicker  part  is  fibrous  in  a  direc- 
tion parallel  to  the  long  axis  of  the  cochlea.  One 
surface  of  the  thicker  portion  often  exhibits  slight 
rib-like  prominences,  and  at  the  rounded  end  there 
is  often  an  appearance  of  a  canal,  in  which  I  once 
thought  I  observed  a  blood-vessel.  It  is  remarkable, 
that  I  never  found,  at  this  border  of  the  membrane, 
any  certain  indication  of  an  attachment  to  the  other 
parts,  while  in  the  other  direction  the  thin  border 
always  has  the  appearance  of  being  torn  away. — 
In  the  layer  of  connective  tissue  over  the  striated  lamella,  I  believe 
that  I  have  sometimes  seen  blood-vessels;  but  this  layer  may  be 
very  readily  confounded  with  the  loose  shreds  of  periosteum  of  the 
scala  vestibuli  which  have  become  turned  over;  and  as  these  always 
contain  vessels,  I  am  not  able  to  give  any  definite  judgment  on 
the  point. 

The  scala  media,  in  its  situation  and  form  is  sufficiently  indi- 
cated by  fig.  241,  and  I  will  only  add  in  this  place,  that  it  is 
certainly  not  filled  with  cells,  as  Claudius  believes,  but  contains 
a  liquid,  and  exhibits  a  distinct  epithelium  in  some  places.  These 
places  are,  i ,  the  sulcus  spiralis,  from  the  apex  of  the  teeth  of  the 
first  series,  up  to  the  commencement  of  the  organ  of  Corti;  here 
there  is  a  simple  pavement-epithelium  particularly  conspicuous  in 
the  bottom  of  the  furrow ;  2,  the  zona  pectinata,  from  the  line  of 
ending  of  the  Cortian  fibres  onwards.  It  is  very  possible,  that 
beyond  these  places,  there  are  others  which  are  covered  with 
epithelium,  and  in  one  case  especially,  I  have  seen  such  a  covering 
on  the  inner  Cortian  fibres,  appearing  to  be  a  continuation  of  that 
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Fig.  24G 


on  the  sulcus  spiralis ;  but  on  account  of  the  readiness  with  which 

the  cells  become  separated,  it  is  ex- 
tremely difficult  to  arrive  at  a  com- 
plete idea  of  their  arrangement. 

The  nerves  of  the  cochlea  pass  from 
the  canals  of  the  modiolus  into  the 
spaces  of  the  osseous  zone,  and  here 
form  a  dense  plexus  with  dark  bor- 
dered tubes,  o'ooi5'''  in  diameter, 
throughout  the  whole  extent  of  the 
osseous  lamina.  According  to  Corti's 
discovery,  this  plexus  contains  (at  a 
very  definite  spot  near  the  margin  of 
the  zone)  a  collection  of  nerve-cells, 
which  is  at  first  o'l'"  in  breadth.  These 
ganglionic  cells  are  small,  pale,  oval, 
bipolar  bodies,  measuring  o-oii"'  to 
o'oiG'''  in  length,  o* 0066''' to  o'oog;"' 
in  breadth ;  in  all  probability,  they 
interrupt  all  the  fibres  of  the  cochlear 
nerve  in  their  course.  The  dark  bor- 
dered nerve-tubes  which  are  given  off 
externally  from  these  cells,  collect 
once  more  into  flat  anastomosing  bun- 
dles^ which,  after  interlacing,  run 
parallel  to  each  other;  they  become 
looser  and  looser  towards  the  hamulus, 
and  in  that  situation  the  fibres  are  to 
be  seen  forming  a  simple  layer,  and 
even  separated  by  interspaces.  The 
termination  of  these  nerves  takes 
place  in  a  single  definite  line  for  all 
the  parallel  bundles  and  tubes :  but 


Perpendicular  section  through  part  of 
tlie  lamina  spiralis.  From  the  second 
turn  of  the  cochlea  of  an  ox;  treated 
with  diluted  liydrochloric  acid;  mag. 
ISO  times.  The  organ  of  Corti  is  let- 
tered as  in  the  preceding  preparations, 
a.  periosteum  and  softened  layer  of 
hone  on  the  aspect  of  the  zona  ossea, 
towards  the  scalavestibuli;  &.hahenu]a  •  -. 
sulcata  (Co7-fi)  with  a  capillary  loop;  in  tllC  tirst  tum  of  tllC  COclllca  tllis 
c,  teeth  of  the  first  series;  d.  sulcus 
spiralis  lined  with  epithelium  ;  e.  hahe- 
nula  perforata  (mihi) ;  /.  foramina 
through  which  the  nerves  pass  from  the 

scala  tympani  into  the  scala  vestibuli ;  _  -in 

f7.  bipolar  cells  at  the  commencement  tumS.  MorCOVer,  lU  thc  first  tuOl, 
of  a  Cortian  fibre ;  h.  posterior,  and  k.     ,  .        .  -, .  .  . 

anterior  segment  of  the  Cortian  fibre ;  tilC  termmatlOnS  lie  Wltlim  tllC  twO 
i.  pedunculated  nerve-cells ;   I.  nerve      i    i.  /?    ;  i 

within  the  zona  ossea;  m.  end  of  its  platCS  Ot  the  OSSCOUS  ZOllC,  reaching 
dark-bordered  fibres;  91.  lower  tympanic  ;  •         n   ■          •  i 

periosteal  lamella;  o.  lamina  spiralis  CXaCtiy  tO  tUC  margin  01  it;  111  the 
membranacea;  p.  lig.  spirale;  q.  thin  i    ,  n 

part  of  membrana  Cortii.  SeCOlld   tUril,  lOr    a   SpaCC   01   0'02  tO 

0'03'",  the  nervous  terminations  lie  beyond  the  bony  plates  upon 


line  is  found  somewhat  nearer  the 
outer  wall  than   in   the  subsequent 
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the  lower  surface  of  the  commencement  of  the  hahenula  denti- 
culata;  on  the  third  half  turn,  lastly,  they  form  a  nervous  border 
o-o8"'  to  0-09 "  in  breadth,  which  also  lies  on  the  lower  side  of 
the  hahenula  sulcata.    At  the  last  two  places  however,  the  nerves 
are  not  contained  free  in  the  scala  tympani,  but  are  covered  by 
the  periosteum  of  the  lower  surface  of  the  zona  ossea.    The  nerve- 
tubes  attenuated  to  o-ooi'",  are  described  by  Corti  and  others  as 
terminating  by  becoming  suddenly  pale,  finer,  and  then  ending 
by  free  extremities.    I  have,  however,  recently  found  that  all  the 
nerve-tubes  pass  in  a  pale  and  attenuated  condition  through  the 
apertures  in  the  hahenula  perforata,  and  here,  as  stated  above, 
become  connected  with  the  organ  of  Corti,  in  a  manner  which  is 
not  yet  altogether  clear.  I  was  formerly  of  opinion  that  the  nerve- 
fibres  were  united  directly  and  singly  with  the  inner  Cortian  fibres, 
but  my  more  recent  observations  have  rendered  me  very  waver- 
ing in'  this  belief.    It  is  true  that  I  have  distinctly  noticed  the 
inner  Cortian  fibres  seated  upon  the  nervous  tubes,  but,  on  the 
other  hand,  I  think  I  have  also  convinced  myself  that  fibres  of 
the  cochlear  nerve,  after  passing  through  the  foramina  in  tlie 
hahenula  perforata,  make  their  appearance  beneath  the  teeth  of 
the  first  series,  in  their  direct  course  to  small  spindle-shaped  and 
stellate  cells,  from  the  other  end  of  which  similar  nervous  fibrils 
are  then  given  off.    It  may  be  supposed  that  these  fibrils  unite 
themselves  with  the  pedunculated  cells  of  the  organ  of  Corti,  but 
I  can  at  present  adduce  no  direct  proof  of  such  a  connection. 
These  processes  extend  so  far,  that  I  no  longer  venture  to  regard 
the  other  parts  of  the  organ  of  Corti  as  being  decidedly  nervous 
in  character;  at  the  same  time,  I  must  continue  to  oppose  the 
views  of  those  who  regard  this  structure  as  being  simply  of  the 
nature  of  the  basilar  membrane. 

The  'üessels  of  the  cochlea,  though  fine,  are  yet  very  numerous, 
and  are  distributed,  firstly,  in  the  periosteum  of  the  walls  of  the 
canal  of  the  cochlea,  and,  secondly,  in  the  lamina  spiralis.  At 
the  former  place,  besides  the  capillary  networks  occurring  every- 
where, they  form  a  special  vascular  stripe  on  the  scala  vestibuli, 
immediately  over  the  ligamentura  spirale,  the  stria  vascularis 
{Corti) :  although  connected  with  the  vessels  of  the  periosteum, 
the  vessels  of  this  stria  lie  above  that  membrane,  and  are  imbed- 
ded, as  it  were,  in  the  epithelium,  along  with  a  little  pigment. 
In  the  zona  spiralis  there  exists  a  rich  capillary  network,  both  in 
the  osseous  part  and  in  the  nervous  expansion  itself;  it  is  con- 
nected with  a  vas  spirale  running  on  the  lower  or  tympanic  surface 
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Of  the  zona  membranacea,  in  the  entire  extent  of  the  cochlea.  This 
vessel,  which  is  probably  venous,  always  lies  beneath  the  habennla 
denticulata,  sometimes  more  internally,  sometimes  more  externally  • 
in  the  last  half  turn  of  the  cochlea  it  is  a  capillary  vessel,  o'ooV'' 
m  diameter;  towards  the  base,  however,  it  gradually  reaches 
0-013  m  breadth,  and  is  distinctly  composed  of  two  coats.  In 
rare  cases,  there  are  two  capillary  vasa  spiralia  in  the  situation 
mentioned,  and  Corti  has  twice  found  in  man,  and  in  the  sheep 
an  outer  vas  spirale  also,  near  the  ligamentum  spirale  on  the  zona 
pectmata,  but  this  did  not  communicate  with  the  inner  vessels, 
the  zona  pectmata  m  general  being  non-vascular. 

We  have  still  at  the  close  to  notice  the  auditory  nerve  The 
nerve-tubes  of  its  trunk  measure  in  man  0-002'"  to  0-005'"  are 
extremely  readily  destructible,  and  possess  only  a  delicate  neuri- 
lemma.  Between  the  tubules,  numerous  ganglionic  cells  are  found 
m  the  trunk  itself,  and  in  the  vestibular  and  cochlear  nerves- 
these  cells  are  bipolar,  apolar,  or  unipolar,  pale  or  pigmented,  and 
measure  0-02-  to  0-07-  in  man  and  mammalia;  those  cells  which 
have  only  one  pole,  or  none  at  all,  are,  probably,  as  Stannius 
suggests,  only  mutilated  bipolar  ones,  seeing  that  the  auditory 
nerve  especially  in  fishes,  may  possess  bipolar  cells  only,  or 
scarcely  any  others.  Similar  cells,  but  smaller,  are  also  found 
as  above  mentioned,  in  the  cochlea  and  on  the  nervous  trunklets 
m  the  vestibule  {Pappenheim,  Corti).  Czermak  has  observed  the 
übres  of  the  auditory  nerve  to  divide  in  the  ultimate  distribution 
on  the  ampullae  and  sacculus  of  the  sturgeon ;  Harless  and  myself 
have  seen  the  same  thing  in  the  frog,  and  Leydig  in  the  chima^ra. 

With  regard  to  the  development  of  the  organ  of  hearing,  it  may 
only  be  mentioned  here,  that,  according  to  Huschke's  discoveries, 
confirmed  by  Reissner  and  Remak,  the  membranous  parts  of  the 
labyrinth  are  formed  from  the  external  skin  by  a  process  of  intro- 
version, so  that  they  might  be  compared  in  their  origin  to  the 
lens  and  the  vitreous  humour;  in  this  process,  the  layer  of  cells 
correspondmg  to  the  epidermis  is  chiefly  concerned,  though  not 
exclusively,  as  Remak  believes;  and  to  the  introverted  membrane 
are  superadded  the  auditory  nerves  from  the  brain,  and  the  remain- 
ing structures,  both  hard  and  soft,  from  the  middle  germinal 
lamma,  and  thus  the  organ  is  completed.  Nothing  of  importance 
IS  known  with  regard  to  the  histological  development  of  the  soft 
parts  of  the  labyrinth. 

For  the  investigation  the  organ  of  hearing,  which  only  in  the  labyrinth 
piesents  very  considerable  difficulties,  perfectly  fresh  preparations  are  indis- 


SECT.  235.] 


ORGAN  OF  SMELL. 


601 


pensably  necessary,  and  are  best  got  from  animals  quite  newly  killed  ;  when 
it  is  desired  to  see  the  j^arts  in  a  perfectly  normal  state,  serum  or  a  solution  of 
sugar  must  be  employed  for  moistening  them  ;  chromic  acid  preparations, 
too,  are  very  proper  for  many  purposes.  Further,  the  successful  examination 
depends  upon  a  certain  dexterity  in  exposing  and  detaching  the  delicate 
parts  with  which  we  have  to  deal  ;  and  much  patience  will  be  required, 
because  it  must  frequently  be  left  to  accident  whether  a  certain  arrangement 
comes  into  view  or  not.  In  order  to  see  the  nervous  plexuses  of  the  zona 
ossea  of  the  cochlea,  this  structure  must  be  deprived  of  its  calcareous  salts 
by  diluted  hydrochloric  acid,  while,  on  the  other  hand,  the  ganglion-cells  of 
this  locality  must  be  sought  by  careful  breaking  up  of  the  osseous  zone  in  a 
medium  which  has  no  chemical  action  on  the  parts.  Perpendicular  sections 
are  important,  and  are  to  be  obtained  either  from  isolated  laminae  spirales 
taken  out  of  chromic  acid  preparations  and  treated  with  hydrochloric  acid,  or 
from  whole  cochleae  treated  in  this  manner.  Or  we  may  lay  the  cochlea  first 
in  a  bed  of  glue,  and  then  make  sections  of  the  lamina  spiralis. 

Literaf.ure.—'E.  Huschke,  in  Fror.  Not.,  1832,  No.  707  ;  Iris,  1833,  Nos.  18, 
34  ;  K.  Steipensand,  in  Müller's  Archiv.,  1835  ;  S,  Pappenheim,  Die  specielle 
Gewebelehre  des  Gehörorgans,  Breslau,  1840,  and  Fror.  Not.,  1839,  Nos.  ^S^j 
194  and  195  ;  G.  Breschet,  Eecherches  sur  V Organe  de  V Ouie  dans  V Homme 
et  les  Animaux  vertebres,  2nd  edit.,  Paris,  18405  E.Krieger,  De  Otolithis, 
Berel,  1840;  Wharton  Jones,  The  Organ  of  Hearing,  \n  Todd's  Cyclo})., 
vol.  ii.,  529  ;  J,  Hyrtl,  lieber  das  innere  Gehörorgan  des  Menschen  und  der 
Sängethiere,  Prag,  1845;  A.  Corti,  in  Zeitsclir,  f.  wiss.  Zool.  iii.,  p.  109; 
Reissner,  De  Anris  Interna  Formatione,  Dorp.,  1851  ;  E.  Harless,  Art. 
Hören,  in  Wagner's  Handw.  der  Physiologie,  iy.,  p.  311,  and  Münchn.  Gel. 
Anzeiger,  1851,  Nos.  31  and  37  ;  Stannius,  in  Gött.  Nachrichten,  1850,  No. 
16.  ibid.,  185 1,  No.  17;  KöLLiKER,  üeber  die  letzen  Endigungen  des  Nervus 
Cochlece  und  die  Funktion  der  Schnecke,  Gratulat.  an  Fr.  Tiedemann,  Würzb,, 
1854;  Reissner,  in  Müll.  JLrc/i.  1854,  p.  420;  Claudius,  in  Zeitschr.  f.  w. 
Zool.YÜ.,  p.  154;  Böttcher,  Obs.  Micr.  de  rat.  qua  Nervus  Cochlece  termi- 
natur,  Dorp.,  1856  ;  H.  Reich,  in  A.  Ecker's  Unters,  z.  Ichthyol.,  Freib.,  1857, 
p.  24;  M.  Schultze,  in  Müll.,  Arch.,  1858,  p.  343  ;  v.  Tröltsch,  in  Zeitschr. 
J.  iviss.  Zool.,  1857,  ix.,  p.  91  ;  Gerlach,  in  his  Mikr.  Studien,  1858,  p.  53. — 
The  student  of  this  subject  should  also  compare  the  systematic  works  of 
Krause,  Huschke,  Arnold,  Todd  and  Bowman,  Remak  (on  development), 
and  myself. 


III. — Of  the  Organ  op  Smell. 

§  235.  The  olfactory  organ  consists  of  the  two  nasal  cavities, 
supported  by  bones  and  cartilages,  and  lined  by  a  mucons  mem- 
brane, and  of  a  certain  number  of  accessory  cavities^  viz.,  the 
sinus  frontales ,  splienoidales,  ethmoidales,  and  the  antrum  Higlimori. 
Of  all  these  spaces,  however,  only  the  uppermost  parts  of  the  nasal 
cavities,  where  the  olfactory  nerve  is  distributed^  are  subservient  to 
the  sense  of  smell  itself;  for  the  other  spaces  are  either  simple 
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conducting  canals,  concerned  simultaneously  in  the  function  of 
respiration,  or,  at  least,  are  destitute  of  any  direct  relation  to  the 
olfactory  sense. 

The  above-mentioned  hard  structures  do  not  present  much 
worthy  of  remark ;  and  of  the  bones  it  needs  only  to  be  men- 
tioned, that  in  the  ethmoid  at  its  thinnest  spots,  the  bony  tissue 
consists  only  of  a  matrix  and  lacmise,  without  Haversian  canals. 
The  cartilages  of  the  nose  are  true  cartilages,  and  bear  most  re- 
semblance to  that  of  the  larynx,  except  that  the  contents  of  their 
cells  are  mostly  pale  and  destitute  of  fat,  the  cell-walls  but  little 
thickened,  and  the  matrix  finely  granular.  Beneath  the  peri- 
chondrium of  these  cartilages  there  also  lies  a  layer  of  flattened 
cells,  which  attains  a  thickness  of  0-024'"  ^^^^n  the  septum ;  while 
in  the  interior  the  cells  are  more  roundish,  larger,  and  arranged  in 
rows,  in  the  direction  of  the  thickness  of  the  cartilaginous  plate. 

Of  the  coverings  of  these  parts,  w^e  may  first  make  mention  of 
the  external  shin  of  the  nose;  this  is  characterised  by  a  thin 
epidermis  (0-024"  to  0-032'"),  a  tense  cutis,  I'"  thick,  with  small 
undeveloped  papillae  (^V"  to  -i^"),  and  fine  hairs;  and  also  by  a 
dense  adipose  tissue,  one  Jine  thick,  intimately  united  with  the 
cartilages,  and  containing  large  sebaceous  glands  extending  into  it, 
with  small  sudoriparous  glands,  to  f~ ".  This  external  skin 
extends  with  its  sebaceous  glands,  and  provided  with  thicker  hairs 
(vibrissse),  for  some  distance  into  the  nasal  cavity,  almost  up  to 
the  place  where  the  external  nasal  cartilage  ceases,  and  then  passes 
imperceptibly  into  the  mucous  membrane  of  the  olfactory  organ ; 
and  this  mucous  membrane  is  continued  from  hence  to  form  the 
lining  of  all  the  remaining  spaces,  though  it  does  not  present  the 
same  characters  everywhere.  According  to  Todd  and  JJouwimi's 
discoveries,  which  I  can  fully  confirm,  it  is  divided,  in  animals,  into 
a  ciliated  and  non-ciliated  part,  the  latter  of  which  is  limited  to 
the  uppermost  parts  of  the  proper  nasal  cavities,  where  the  olfactory 
nerve  is  distributed ;  this  should,  therefore,  be  called  the  olfactory 
mucous  membrane  in  the  stricter  sense,  while  the  other  may  retain 
the  old  name  of  Schneiderian  membrane. 

If  w^e  begin  by  inspecting  the  latter  membrane  —  the  ciliated 
portion  of  the  nasal  lining,  we  find  that  its  structure  is  not  every- 
where the  same ;  and  we  may  conveniently  distinguish  the  thicker 
glandular  mucous  mem.brane  of  the  proper  nasal  cavity  from  the 
thinner  one  lining  the  accessory  cavities,  and  the  interior  of  the 
turbinate  bones.  In  both  places,  the  epithelium  is  of  the  lamel- 
lated  ciliated  kind,  similar  to  that  of  tlie  larynx  (fig.  247,  2), 
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measuring,  in  the  sinuses,  O'oiS'"  to  0-020'"  in  thickness,  and  in 
the  proper  cavity  of  the  nose,  as  much  as  0*042  '  in  some  places. 
It  is  composed,  in  man,  of  pale,  finely  granulated  cells,  of  which 
the  outermost  ciliated  ones  measure  up  to  0-03'"  ;  in  animals,  the 
cilia  produce  a  current  from  before  backwards.    Then  follows  the 
proper  substance  of  the  mucous  membrane,  containing  very  few,  if 
any,  elastic  elements,  and  chiefly  composed  of  ordinary  nucleiferous 
connective  tissue,  with  numerous  glands  imbedded  in  it,  in  the 
portion  which  lines  the  proper  nasal  cavity.    These  glands  are  the 
ordinary  racemose  mucous  glands,  of  various  sizes,  with  gland- 
vesicles  of  0-02'"  to  0*04'"  in  diameter ;  and  they  are  so  thickly 
disposed  in  some  places,  particularly  on  the  borders  of  the  carti- 
lages of  the  septum,  and  on  the  lower  turbinate  bones,  that  the 
mucous  membrane  in  these  spots  acquires  a  thickness  of  one  or 
even  two  lines.    This  thickness,  however,  is  not  attributable  to 
the  glands  alone,  but  also  to  the  presence  of  numerous,  almost 
cavernous,  plexuses  of  veins  in  the  interior  of  the  membrane 
{KoJilrausch,  and  myself) ;  a  sort  of  erectile  tissue  is  thus  produced, 
particularly  in  the  mucous  covering  of  the  margin  and  hinder  part 
of  the  lower  turbinate  bone.    The  glands  are  almost  completely 
absent  from  the  accessory  cavities,  and  I  have  hitherto  found 
them  only  occasionally  in  the  antrum  of  Highmore ;  and  here 
their  excretory  ducts  and  acini  were  sometimes  dilated  into  muci- 
ferous  cysts,  which  reached  up  to  half  a  line  in  diameter.  Except 
in  this  situation,  the  mucous  membrane  of  the  accessory  cavities 
is  extremely  delicate,  and  is  not  separable  from  the  periosteum  as 
a  special  layer    in  the  nasal  cavity  itself,  it  may  readily  be  peeled 
off,  in  spite  of  its  intimate  connection  with  the  periosteum,  espe- 
cially at  those  spots  where  the  glands  are  numerous.    In  patholo- 
gical cases,  the  mucous  covering  of  the  sinuses,  and  of  the  turbinate 
bones  in  part,  may  exhibit  calcareous  deposits  of  various  extent,  so 
that  the  membrane  acquires  a  white  colour  (myself,  and  Vine  how, 
Entw.  d.  Schädelgr.,  p.  41). 

The  proper  oJfactorg  mucous  membrane  occupies  only  the  upper- 
most parts  of  the  septum  nasi  and  of  the  lateral  walls  of  the  proper 
nasal  cavities,  in  the  situation  of  the  uppermost  turbinate  bones. 
It  extends  downwards,  therefore,  from  the  lamina  crihrosa  for 
about  three-quarters  of  an  inch  to  an  inch.  Even  to  the  naked 
eye,  it  is  distinguished  from  the  ciliated  mucous  membrane  imme- 
diately adjoining  it  by  its  greater  thickness  and  colour,  being 
sometimes  yellowish,  as  in  man,  the  sheep,  and  calf;  sometimes 
yellowish-brown,  or  brown,  as  in  the  rabbit  and  dog ;  and  on 
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microscopical  examination,  it  is  seen  to  be  bounded  by  a  pretty 
distinct  dentated  or  undulating  margin.  The  peculiarities  of  its 
structure  are  dependent  on  the  nature  of  its  epithelium,  on  the 

Fig.  247. 


From  the  nasal  mucous  membrane  of  the  slieep ;  magnified  150  times  1  Trans- 
verse section  of  the  mucous  membrane,  from  the  proper  olfactory  reo-ion  •'  a  epi 
tliehum  without  cilia;  b.  olfactory  nerves,  with  a  dividing  pale  nucleated  bundle  •  c 
gland  of  Bowman ;  d.  aperture  of  the  same.  2.  Ciliated  epithelium  of  the  Schneideriaii 
membrane. 

occurrence  of  numerous  glands  of  a  peculiar  nature,  which  I  will 
call  the  '  glands  of  Boivma?i/  and,  lastly,  on  the  arrangement  of 
the  nerves.    The  epithelium  is  not  at  all  ciliated  in  the  lower 
animals,  but  in  man  cilia  do  exist  in  certain  places,  while  in  other 
spots  they  are  wanting  (Ecker,  M.  Schultze);  it  is  also  much 
thicker  than  the  epithelium  of  the  ciliated  region,  so  that  in  the 
sheep,  where  the  latter  measures  0*03''',  the  layer  in  question 
measures  0-05''';  and  in  the  rabbit,  they  amount  to  0-04'''  and 
0-07'''  respectively.    Notwithstanding  this   thickness,  which  is 
considerable  for  an  epithelium,  it  is  extremely  delicate  and  soft, 
and  can  only  be  preserved,  so  as  to  show  its  separate  elements 
distinctly,  in  certain  particular  solutions  (y.  infra).    According  to 
the  more  recent  observations  of  Eckhard,  and  the  still  more  valu- 
able ones  of  M.  Schultze,  which  have  been  confirmed  in  all  respects 
by  Ecker  and  myself,  this  epithehum  has  but  one  single  layer  of 
very  long  cells,  between  which  are  inserted  other  cellular  struc- 
tures, the  apparent  terminations  of  the  olfactory  nerve,  or  the 
olfactory  cells  [M.  Schultze).    The  epithelial  cells  have  exactly  the 
structure  of  the  elongated  cells  of  ciliated  epithelium,  with  this 
difference,  that  their  filiform,  irregularly  defined,  processes  run 
down  quite  to  the  surface  of  the  mucous  membrane,  and  at  their 
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lower  ends,  divide  into  two  or  even  more  filaments,  which  may 
actually  unite  with  those  of  neighbouring  cells.  The  nuclei  of 
these  cells  are  oval,  with  a  small  distinct  nucleolus  and  granular 
contents.  The  cells  themselves,  besides  the  ordinary  granular 
matter,  include  in  each  a  certain  number  of  pigment-molecules, 
coloured  yellow  or  brown,  in  various  animals ;  on  these  the  before- 
mentioned  colour  of  the  olfactory  region  mainly  depends. — Much 
more  difficult  of  investigation  are  the  olfactory  cells.  These  were 
correctly  described  by  M.  Schultze  as  long  spindle-shaped  struc- 
tures, containing  a  round  clear  nucleus,  with  a  distinct  nucleolus 
and  no  pigment,  and  giving  ofi"  from  the  opposite  sides  of  the  cell- 
body  two  fine  filiform  processes.  The  outer  process  is  somewhat 
the  thicker,  passes  between  the  broad  portions  of  the  epithelial 
cells  to  the  external  surface,  and  is  here  provided  with  a  minute 
process,  resembling  a  fine  short  hair,  projecting  beyond  the 
epithelial  cells.  The  inner  process  is  a  much  more  delicate  fila- 
ment, and  can  only  be  distinctly  made  out  by  a  good  microscope ; 
in  chromic  acid  preparations,  it  pre-  Fig  243. 

sents  from  place  to  place  a  number 
of  small  dark  varicosities,  which 
may  occasionally  be  observed  also 
on  the  outer  filament.  The  olfactory 
cells  appear  to  be  arranged  in  a 
simple  manner  around  each  epithe- 
lial cell,  and  to  form  with  their  cell- 
bodies  the  greater  portion  of  the 
middle  and  deeper  strata  of  the 
epithelial  layer,  while  their  inner 
processes  extend  as  far  as  the  proper 
mucous  membrane ;  it  is  a  question 
whether  they  there  become  con- 
tinuous with  the  fibres  of  the  olfac- 
tory nerve.  —  In  order  to  protect 
this  epithelium,  and  to  keep  it 
moist,  there  are  present  in  the  whole  of  the  proper  olfactory  region 
a  large  number  of  the  glands  of  Boivman ;  a  circumstance  which 
is  striking,  as  the  portion  of  the  ciliated  mucous  membrane  imme- 
diately adjoining  contains  very  few,  or  is  even  entirely  destitute  of 
glands.  The  glands  of  Bowman  are  simple  cylinders,  0'o8"'  to 
O'l"'  long,  either  straight  or  slightly  convoluted  at  the  lower  end; 
or  else  they  have  the  form  of  extended  pyriform  tubes,  which  lie 
in  crowded  rows,  chiefly  between  the  larger  branches  of  the  olfactory 


1.  From  the  frog;  a.  epithelial  cells  of 
the  regio  olfactoria  ;  h.  olfactory  cells.  2. 
Small  branch  of  the  olfactory  nerve  of 
the  frng,  separating  at  one  end  into  a 
brush  of  varicose  fibrils.  3.  Olfactory 
cell  of  the  sheep.   Magnified  350  times. 
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nerves;  but  in  part  also  tliey  are  found  more  isolated,  as  at  the 
lower  limit  of  the  olfactory  region,  and  here  bear  most  resemblance 
to  certain  forms  of  the  glands  of  LieherMhn,  and  of  the  embryonic 
sudoriparous  glands.    I  have  not  perceived  any  divisions  on  the 
tubes,  yet  it  is  very  possible  that  I  have  overlooked  them,  since 
these  organs  also  are  very  delicate  and  easily  altered.    Their  canals 
measure  0-014"'  to  0-025"'  m  diameter,  and  are  lined  by  a  beautiful 
simple  epithelium,  of  roundish  polygonal  cells,  o-oo6'''  to  o-oo8"' 
m  size;  in  these  are  contained  more  or  less  yellowish  or  brownish 
pigment-granules,  which  also  assist  in  producing  the  various  colours 
of  the  olfactory  mucous  membrane.    The  excretory  ducts  of  the 
glands  ofBoiuman  are  somewhat  narrower  (o-oo8'''to  q-q  12'"}  than 
the  ducts  within  the  glands,  and  are  always  lined  by  large  roundish 
cells;  they  pass  directly  through  the  epithelium,  and  terminate  on 
Its  surface  by  roundish  apertures,  which  measure  o'oi"',  and  are 
surrounded  by  a  few  large  cells  (in  the  rabbit,  I  find  here  an 
elongated  form  of  cells,  and  if.  Schidtze  has  observed  similar  ones 
m  the  sheep).— In  man,  these  glands  are  represented  by  ordinary 
mucous  glands;  and  besides  these,  the  mucous  membrane  is  com- 
posed here,  as  in  its  other  regions,  of  a  soft  connective  tissue, 
without  elastic  elements. 

The  vessels  of  the  nasal  mucous  membrane  are  a  *  ^^ndant  in  the 
proper  nasal  cavity,  less  numerous  in  the  accesso.  yities:  their 
terminal  branches  are  arranged  partly  in  the  form  of  loose  plexuses 
around  the  glands,  and  in  the  trunks  and  branches  of  the  olfactory 
nerves;  partly  in  the  form  of  a  very  dense  network,  on  the  surface 
of  the  mucous  membrane  itself.  Iii  the  latter  situation  the  vessels 
form  numerous  loops,  somewhat  liorizontally  disposed,  and,  at  first 
sight,  these  loops  suggest  the  existence  of  papilL^,  although  no 
such  structures  are  present.  The  branches  of  the  arteries  and 
veins  also  anastomose  in  a  variety  of  ways,  and  the  latter  form  the 
rich  cavernous  plexus  mentioned  above,  particularly  on  the  lower 
turbinate  bone.  Nothing  is  known  of  the  lymphatics  of  the  nasal 
mucous  membrane.— The  7ierves  are,  in  the  first  place,  branches  of 
the  fifth  pair  {ethnoidales,  nasales  posteriores,  and  a  branch  of  the 
dentalis  anterior  major) ;  and  these  are  distributed  especially  to 
the  ciliated  region  of  the  olfactory  organ,  and  present  the  same 
conditions  here  as  in  other  sensitive  mucous  membranes,  that  of 
the  pharynx,  for  example.  Fibres  of  these  nerves  also  ascend  into 
the^  proper  olfactory  region,  and,  as  I  have  seen  in  one  case  in  the 
calf;  a  few  dark-bordered  primitive  tubes  may  even  run  from  them 
m  the  course  of  branches  of  the  olfactory  nerves.    The  olfactory 
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nerve  possesses,  in  its  tracüis  and  hulhus,  dark-bordered  tubes  and 
nerve-cells,  of  wliicli  we  have  already  spoken  above  (p.  236) .  On  tlie 
other  hand,  the  nervi  olfactorii,  in  man  and  in  mammalia,  nowhere 

Fife.  249. 


Olfactory  tubes  of  the  ok  ;  ma-aified  350  times.  1 .  A  thick  grey  tube  ;  a  envelope 
of  the  same;  b.  effused  contents  with  nuclei.  2.  A  fine  dark-bordered  tube,  a.  con^ 
tin  üu"  fi-ora  one  of  the  foramina  cribrosa  into  a  pale  nucleated  fibre,  b.  3  The  empty 
envelope  of  a  gi'ey  tube,  at  one  of  its  extremities  appearmg  collapsed  and  like  a 


fibre. 


contain  any  white  medullated  fdjres,  even  in  the  main  brandies 
which  arise  from  the  bulbs,  but  consist  throughout  of  pale,  slightly 
granular,  flat  tubes,  o-oo2'"  to  0-003'"  breadth,  with  elongated 
nuclei;  these  tubes  are  firmly  connected  and  held  together  by 
envelopes  of  connective  tissue  running  between  them,  and  these 
are  thicker  and,  consequently,  whiter  on  the  rami  ad  septum.  The 
fibres  of  the  olfactory  nerve  are  very  similar  to  the  embryonic 
nervous  elements,  and  a  delicate,  structureless  envelope  can  be 
easily  seen  on  them  in  animals,  distinct  from  the  finely- granular 
nucleated  contents ;  towards  their  terminations,  they  are  continued 
into  finer  and  finer  fibres,  of  o-ooi'"  to  0-0005'"  in  diameter,  some 
of  which  may  even  be  found  in  the  trunks  of  the  nerve.  As  for 
the  origin  of  these  nerve-fibres,  nothing  positive  has  yet  been 
ascertained,  either  in  man  or  in  the  lower  mammalia ;  but  from 
the  observations  of  Leydig  in  the  plagiostoma  (Beiträge,  p.  34, 
tab.  i.,  fig.  6),  and  from  other  considerations,  it  is  probable  that 
they  arise  from  the  cells  of  the  olfactory  bulb;  the  details  of  their 
union  with  these  cells,  however,  still  remains  to  be  investigated. 
The  termination  of  the  nerves  is  still  more  doubtful.  This  much 
is  easily  seen,  that  the  olfactory  nerves,  in  their  course  in  the 
mucous  membrane  of  the  olfactory  region,  divide  frequently  at 
acute  angles,  become  smaller  and  smaller  as  they  descend,  and 
produce  a  plexus.  In  mammalian  animals,  also,  they  can  be 
traced  over  almost  the  whole  of  the  proper  olfactory  region,  but  a 
little  in  froot  of  the  border  of  it  their  plexus  is  always  withdrawn 
from  view ;  nor  can  any  trace  of  terminal  twigs  be  met  with,  so 


6o8 


OliGAN  OF  SMELL. 


[sect.  235. 


that  I  remain  quite  in  tlie  dark  with  regard  to  the  main  question. 
However,  according  to  the  enquiries  of  Scliultze  in  the  frog,  which 
I  can  confirm,  it  appears  very  probable  that  every  olfactory  fibre 
spreads  out  into  a  whole  bundle  of  very  fine,  pale,  varicose  fibrillje, 
which  perforate  the  mucous  membrane;  and  that  each  of  these 
then  unites  itself  with  one  of  the  olfactory  cells. 

In  the  investigation  of  the  olfactory  organ,  the  chief  difficulty 
is  presented  by  the  delicacy  of  the  epithelium,  and,  accordingly,  a 
solution  of  albumen  or  the  vitreous  humor  is  alone  to  be  used 
for  moistening  the  parts.  The  process  first  recommended  by 
Eckhard,  and  afterwards  employed  by  Schidtze  with  such  happy 

results  —  the  action  of  chromic  acid  and  Chromate  of  potash  

has  already  been  dwelt  on.  Perpendicular  sections  are  best  ob- 
tained with  the  scissors  from  detached  pieces  of  the  mucous 
membrane,  and  the  borders  of  folds  also  frequently  furnish  good 
views.  The  mucous  glands  of  Bowman  are  to  be  found  on 
sections,  or  on  teasing  out  the  membrane,  as  well  as  on  surface- 
views  and  perpendicular  sections  of  hardened  preparations.  For 
the  olfactory  nerves,  the  most  advisable  method  is  to  tease  them 
out,  and  examine  them  with  the  addition  of  some  vitreous  humor 
or  by  chromic  acid.  To  investigate  the  course  of  the  nerve-trunks, 
chromic  acid  and  caustic  alkalies  are  of  no  service,  but  the  com- 
pression of  fresh  preparations,  or  of  such  as  have  been  moistened 
with  soda  or  acetic  acid,  is  rather  to  be  recommended ;  for  this 
purpose,  too,  the  mucous  membrane  should  be  examined  after 
long  maceration  in  water,  which  leaves  the  nerves  for  a  long  time 
unaffected. 

Literature— Toiijy  and  Bowman,  in  their  HandUok,  ii. ;  KoLLiKERin  Wilrz. 
Verh.,  hd.  iv.,  p.  60  ;  see  alsobd.  viii.  and  ix.,  Sitzungsberichte.  Letdig,  in  Beitr. 
z.  Anat.  d.  Eocheji  und  Haie,  1852,  p.  35.  Sappey,  in  Gaz.  Med.,  1853,  No.  35. 
Kohlrausch,  in  Müll. ylrc/^.,  1853,  P-  ^49-  Gegenbaur  and  Leydig,  in  Würz. 
Verh.,  V.  Eckhard,  JBeitr.  z.  Anat.  Uber  Phys.,  Heft  i,  Giessen,  1855.  A. 
Ecker,  in  Frcib.  Berichten,  Nov.,  1855  ;  and  in  Zeitschr.f.  w.  Zool,Ym.,  1856, 
Heft  ii.  R.  Seeberg,  JDisq.  micr.  de  text,  menibr.  intuit,  nasi,  Dorp.,  1856, 
Diss.  M.  Schultze,  in  Berlin.  Monatsher.,  13,  Nov.,  1856  ;  and  Abhandlungen 
d.  nat.  Ges.  z.  Halle,  bd.  v,  Hoyer,  H.,  De  turners  mucosae  narium  striictura, 
Berol.,  1857,  Diss.  B.  Gastaldi,  in  Memor.  d.  Acad,  di  Tor.,  xvii.,  p.  372! 
Erichsen,  Be  textura  nervi  olfact.,  Dorp.,  1857,  Diss.  H.  Luschka,  in  Arch, 
f.path,  Anat.,  viii,,  p.  442. 
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Page  12,  line  3, /or  Med^  read  Ned. 

Page  56^  heading  of  tliird  paragraph /or  i,  i'ead  I. 

Page  59,  line  21,  for  §  i6,  read  §  14, 

Page  59,  heading  of  second  paragraph, /or     read  II. 
„    „  third         „        for  I,  read  a. 

„  -60,      „  first  „        for  m,  read  h. 

Page  143,  in  §77,  insert  the  foUonmig : — Some  authors  dis- 
tinguish two  kinds  of  sarcous  elements  in  the  muscular  fibrillee, 
the  one  dark  and  the  other  light.  This  view,  adopted  by  Dobie, 
Harting,  Hüchel,  JRoUett,  and  others,  has  received  strong  con- 
firmation from  the  observations  of  Brücke,  that  the  darker  elements 
are  double-refracting.  There  can  be  no  doubt,  that,  in  man}^  cases, 
dark  and  clear  spots  are  seen  regularly  alternating  in  the  course  of 
a  fibril,  the  darker  portions  only  being  the  sarcous  elements  of 
Bowman;  but  this  fact  cannot  be  held  to  prove  any  essential 
difPerence  of  nature  in  the  two  portions  which  enter  into  the  com- 
position of  a  fibril.  I  regard  the  fibrill^e  as  consisting  of  one  single 
kind  of  substance,  everywhere  equally  contractile;  and  the  dark 
and  clear  spots  as  being  only  thicker  and  thinner  portions  of  this 
substance,  formed  in  the  process  of  contraction.  This  difference 
in  density  appears  also  to  explain  the  unequal  rapidity  with 
which  the  two  portions  are  afiected  by  chemical  agents,  hydro- 
chloric acid  for  instance. 

Page  150,  line  16,  for  rectinacula,  read  retinacula. 

Page  178,  in  §  94,  insert  the  following: — The  soft  centre  of  the 
intervertebral  ligaments  consists  of  cells,  which  are  obviously  de- 
rived from  the  cells  of  the  chorda  dorsalis  of  the  embryo.  In 
newly-born  infants  and  in  children,  these  ceils  are  contained  in  a 
special  pyriform  cavity  with  a  definite  boundary. 

Page  184,  line  4, /or  and  those  of  fossil  animals,  read  and  some- 
times even  those  of  fossil  animals. 

Page  275,  for  the  description  of  Fig.  113,  substitute  the  fol- 
lowing, from  Todd  and  Bowman: — 

A.  Vertical  section,  near  the  middle  of  the  dorsal  surface  of  the  tongue  ;  a,  a.  fungifor.n  papiilfe  ; 
b.  filiform  papillae,  with  their  hair-like  processes;  c.  similar  ones  deprived  of  their  epithelium  ;  mag- 
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nified  two  diameters.  B.  Filiform  compound  papillae;  a.  artery;  v.  vein;  c.  capillary  loops  of  the 
secondary  papillse  [which  ought,  however,  to  enter  these  papillae] ;  b.  line  of  basement  membrane  ; 
d.  secondary  papillse,  deprived  of  e,  e.  the  epithelium  ;  /.  hair-like  processes  of  epithelium  capping 
the  simple  papillse  ;  magnified  25  diameters  ;  g.  separate  nucleated  particles  of  epithelium,  magnified 
300  diameters.  1,2.  Hairs  found  on  the  surface  of  the  tongue;  3,  4,  5,  ends  of  hair-like  epithelial 
processes,  showing  varieties  in  the  imbricated  arrangement  of  the  particles;  but  in  all,  a  coalescence 
ot  the  particles  towards  the  point ;  5,  encloses  a  soft  hair ;  magnified  160  diameters. 

Page  305,  in  §  141^  insert  the  foUoiving :  —  According  to  the 
most  recent  observations  of  Tomes  (Microscopical  Journal,  xv.),  it 
is  shown  to  be  extremely  probable,  that  the  membrane  indicated 
by  Huxley  on  the  enamel  of  the  growing  tooth  is  nothing  more 
than  the  outermost  laj'er  of  the  developing  enamel,  detached 
during  the  process  of  examination.  Supposing  this  explanation  to 
be  correct,  we  may  regard  the  enamel  as  simply  an  excretion  from 
the  cells  of  the  organon  adamantince,  like  the  cuticular  tissues  of 
many  invertebrate  animals,  which  structures,  also,  are  in  many 
cases  formed  of  prisms,  as  I  have  elsewhere  demonstrated. 

Page  406,  line  26,  for  §  77,  read  §§  77  and  85. 

Page  479,  at  end  of  second  paragraph  insert  (see  figure  on 
p.  482). 
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Acarus  folliculorum,  140. 

Acervulus  cerebri,  242. 

Acini  of  glands,  see  Gland-vesicles. 

Adipose  tissue,  59. 

Air-cells,  arrangement  of,  382 — 383. 

 epithelium  of,  386 — 387. 

 parietal,  383. 

 structure  of,  386. 

 vessels  of,  388. 

Akrothymion,  140. 

Albinos,  eye  of,  548, 

Alimentary  canal,  246—339. 

AmpullJB  of  semicircular  canals,  588. 

Anchylosis,  178. 

Annulus  conjunctiva?,  576. 

Aorta,  structure  of,  490 — 491. 

 valves  of,  480. 

Apolar  nerve-cells,  245,  255. 
Aponeuroses,  145 — 147. 
Appendage  to  ovary,  453. 

 its  origin,  467, 

Appendices  epiploicas,  310. 

Appendix  vermiformis,  glands  of,  336. 

Aqua  Cotunni,  587. 

Aqueous  humour,  membrane  of,  541. 

Aquula  vitrea  auditiva,  587. 

Arachnoid  membrane  of  Brain,  238 — 239. 

 of  spinal  cord,  237. 

Arcus  senilis,  545. 

Areola  of  nipple,  471 — 472. 

 glands  of,  136. 

 muscular  fibres  of,  77. 

 pigment  of,  90. 

Areolar  tissue,  see  Connective  tissue. 
Arteries,  485 — 492;    of   organs  and 
tissues,  see  those  parts. 

 development  of,  527 — 528. 

 elastic  tissue  of,  483,  et  seq. 

 epithelium  of,  484,  486,  490. 

 fenestrated  membrane  of,  483, 487. 

 helicine,  of  penis,  445 — 446. 

 investigation  of,  535. 

 junction  with  capillaries,  500. 

 literature  of,  536 — 537. 

 muscular  tissue  of,  438,  et  seq. 

  nerves  of,  485. 

  structure  of  largest,  489 — 492. 

 middle-sized,  488—489. 

 small,  486 — 487. 

 smallest,  487 — 488. 

 transition  to  capillaries,  500, 

 ■  vessels  of,  484. 
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Articular  capsules,  i8i, 

 cartilage,  179—  180. 

Articulations  of  bones,  177,  179. 

Arytenoid  cartilage,  376. 

Ascaris,  ova  of,  their  development,  18. 

Ascherson's  vesicles,  11 — 12, 

Auditory  meatus,  585. 

 nerve,  600. 

 terminations  in  cochlea,  592, 

598— 599. _ 

 semicircular  canals, 

588. 

Auricle  of  ear,  585. 

Auricles  of  heart,  muscular  fibres  of,  479. 
Auriculo-ventricular  valves,  480. 
Axis-cylinder  of  nerve-tubes,  68,  213. 

Bacilli  of  Jacob's  membrane,  553—555- 
Bald  spots,  123,  140. 
Bartholine,  glands  of,  466. 

 their  secretion,  469. 

Basement  membrane,  59. 

Basilar  membrane  of  cochlea,  590 — 596. 

 zona  denticulata  of,  590 — 

 zona  pcctinata  of,  596. 

Bellini,  tubules  of,  404,  406. 
Berlin,  columns  of,  403,  405. 
Bibliography,  see  Literature. 
Bile,  350. 

Biliary  ducts,  347 — 349. 
Bladder,  gall,  349 — 350. 

 urinary,  415 — 416. 

■  glands  of,  415 — 416, 

 mucous  membrane  of,  415. 

 vessels  and  nerves  of,  415. 

Blood,  517 — 527, 

 buflfy  coat  of,  518,  520. 

■  chemical  reactions  of,  524 — 525. 

 •  coagulum  of,  517. 

  crystals  in,  526. 

 concentric  bodies  in,  525. 

 extraordinary  constituents  of, 

525. 

 fat  in,  520 — 521. 

 fibrinous  coagula  of,  526. 

  investigation  of,  536. 

 literature  of,  536—537. 

 pigment  cells  in,  525. 

 plasma  of,  517. 

 serum  of,  517 — 518. 

 ■  various  kinds  of,  522 — 523. 
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Blood-corpuscles,  517 — 527,  530 — 535. 

 climiges  of,  in  spleen,  365 — 

366. 

 —  cheniieal  reactions  of,  524 — 

 ■  cells  containing,  366,  525. 

 development  of,  in  embryo, 

530—533- 

 •  after  birth,  533 — 535. 

 number  of,  518. 

 •  red,  their  structure,  518 — 520. 

 formation  from  chyle  cor- 
puscles, 533—535. 

 occurring  in  chyle,  516. 

 •  solution  of,  366 — 367. 

 white,  their  structure,  521. 

 their  number,  521 — 522. 

 •  formation  of,  534. 

Blood-stains,  diagnosis  of,  526. 
Blood-vessels,  see  Arteries,  etc.,  482 — 

501. 

 capillary,  498—501. 

 development  of,  527 — 530. 

 investigation  of,  535 — 536, 

 literature  of,  536 — 537. 

 nerves  of,  485. 

 ■  in  muscle,  1 54. 

 tunics  of,  58,  482—433. 

 vessels  of,  484. 

Bone,  60 — 62,  165 — 176. 

 accidental  formations  of,  209. 

 canaliculi  of,  171  — 176. 

 cancelli  of,  165,  168. 

 cells  of,  172 — 176, 

 chemical  characters  of,  183. 

 development  of,  61,  186 — 206. 

 elementary  granules  of,  171. 

 growth  of,  199,  206. 

■        Haversian  canals  of,  167 — 168. 

 investigation  of,  209, 

 Incunre,  1 75. 

 their  cellular  nature,  61. 

 their  formation,  192 — 196, 198. 

 lamelli«  of,  168 — 171. 

 literature  of,  62,  210. 

 medulla  of,  176. 

  medullary  spaces  of,  165,  168, 

 their  formation,  195. 

 nerves  of,  185,  207. 

 ossification,  192 — 206. 

 in  cartilage,  188  — 197. 

 in  membrane,  202 — 204. 

_  ixi  periosteal  blastema,  197 — 

202. 

 pathology  of,  208. 

 periosteum  of,  176. 

 repair  of,  20S. 

 structure  of,  165 — 176. 

 vessels  of,  184 — 185,  206 — 207,  497. 

 vital  endowments  of,  206. 

Bones,  connections  of,  177 — 128. 

 muscles  to,  145. 

 development  of,  186—188. 

 ossification  of,  188,  202,  205 — 206. 


Bones,  secondary,  202. 

 sesamoid,  1 1^0. 

Brain,  see  Cerebrum,  etc.,  238 — 243. 

 connective-tissue  of,  242. 

 membranes  of,  23S  — 241. 

 pathological  conditions  of,  242,  243. 

 vessels  of,  241,  497. 

Brain-sand,  242. 

Breast,  470 — 476. 

Breschet,  veins  of,  497. 

Bronchi,  see  also  Bronchia,  379 — 381. 

 structure  of,  384 — 385. 

Bronchia,  or  bronchial  tubes,  382 — 383. 

 epithelium  of,  385. 

 function  of,  in  respiration,  390. 

 structure  of,  385 — 386. 

Bronchial  vessels,  388 — 389. 
Brunner's  glands,  330 — 331. 
Buccal  glands,  279. 
Bnßy  coat  of  blood,  518 — 520. 
Burs*  mucosae  of  muscles,  149 — 150. 
 subcutaneous,  77. 

Calyces  of  kidney,  414. 
Canal  of  Petit,  570. 

 Schlemm,  551. 

 •  in  spinal  cord,  219 — 220,  222. 

Canaliculi  of  bone,  171 — 176. 
Canals,  Haversian,  167—168,  170. 

 •  lacrymal,  577. 

 semicircular,  of  ear,  587. 

Cancelli  of  bone,  165,  168. 
Capillaries,  498  —  501. 

 development  of,  528 — 530. 

 ■  investigation  of,  535 — 536. 

 so-called,  of  germinal  area,  530. 

 literature  of,  536 — 537. 

  networks  of,  499 — 500. 

 structure  of,  498. 

 transition  to  other  vessels.  500 — 

501. 

Ca])sule  of  lens,  565 — 566. 

 of  Glisson,  342,  353, 

Capsules  articular,  181. 

 suprarenal,  72,  421 — 426. 

Cartilage,  46 — 50. 

 accidental  formations  of,  209. 

 articular,  179 — 180. 

 in  foetus,  180. 

 —  pathology  of,  t8o, 

 of  bone,  so-called,  183. 

 capsules  of,  47 — 50. 

 capsules,  their  ossification,  192 — 

197. 

 cells  of,  47. 

 their  multiplication,  19. 

 chemical  characters  of,  47 — 48, 

184. 

 fibro-,  49,  56. 

 growth  of,  48. 

 investigation  of,  50. 

 interarticular,  182. 

 literature  of,  50, 

 matrix  of,  47. 
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CaHtilage,  ossification  in,  18? — 
 of,  in  adult,  178,  2zu. 


regeneration  of,  209. 

rericular.  49. 

sesamoid,  15c. 
•  skeleton,  primidre,  187. 

tissue,  4.6. 
■  Tarieiies  of,  49. 
_-es.  arrtenoid.  576. 

-  of  bronchial  iul>es,  385. 

—  ear,  585. 
epiglottis,  49,  376. 


 eyelids,  574. 

 —  gums,  so  called,  303. 

 larvnx,  375 — 376. 

 loose,  182. 

 of  nose,  602- 

 the  pla^ostoma,  48. 

 Santorini,  376. 

VTrLberg,  376, 


Caidiago  triticea,  376. 
Carancula  laaymalis,  576. 
Caveruons  bodies  of  p-enis,  442 — 443. 
Ceixs,  animal  functions  ci,  26. 

 aTiiTnal  and  Tcgetable,  compar&i, 

15—19,  26. 

 oi  blood,  517 — 527. 

  bone,  172 — 176. 

  caitilage,  47. 

 chemical  composition  o:^  1 3. 

  containing  blood-corpuscles,  365. 

 contents  of,  13 — 21. 

 their  meiamorihcses,  22 — 


24. 

cortractiiiiT  or,  26. 
.  cc  CTiticle,  34. 

■  c-ezLeztajy,  12. 

■  of  embryo,  iheir  coiitractilitT  2; 

-  epithelitim,  35 — 36. 
cxcretire  processes  of,  24- 

-  fat,  78—79- 

-  fibre-,  of  muscle.  2-,  64. 

-  forms  o^  12 — 15. 

-  formation  of,  16. 

 bv  dirision,  16 — 17. 

 endogenous.  i~ — zz. 

.  never  fi^ee,  16. 

-  gTü'R'lh  of,  ZZ. 

-  hepatic,  34: — 

-  memoraiie  cf.  i-.  i'. 


cf  nervous  nssue,  11--^ — 2i~. 

nuclei  of,  12,  14.  ^ 

 iheir  chemical  conir:5-;:; 

 form  and  size,  x  3 — 

—  structure,  14- 
■r— e:^:.  0:  choroid,  547 — 54S. 


:s  in  interior  of,  21. 

■  secreting,  37. 

 structure  of,  12 — 13. 

 tissues  composed  of,  33. 

Cell;ilar  tissue,  see  Connecnre  Tissue. 


Cement  of  tooth,  297 — 199. 

 —  chemical  composition  of,  297. 

 formation  <rf,  307 — 308. 

CeTihtUum,  227 — 229. 

 crura  of,  229,  232. 

Cerebro-spinal  fluid.  242. 
CrazEBrii,  conroludons  of;  234—236. 

 crura  o£  235. 

 ^?.T:i'l:a  of,  229 — 233. 

 n-nil^-^^neres  ofl  233 — 237. 


Ccratnen,  134. 

C-emmln ous  glands.  132 — 134. 

Cervix  nreri,  mucous  membrane  of,  459. 

 secretion  of,  469. 

Ciiasira^  optic,  236 — 237. 
Chorda  dorsalis,  49. 

Cz-'.rlJ:  v:<ale5,  376,  377,  see  Ligamenta 
-  irvtenoidea  inferiora. 
.1  : ;  at  of  eve,  545 — 54^. 
 Tizni-:  of,  545— 548. 


ClaTlele. 


as  re-asei 


  nin:::-:li::.ti:n  o^  515- 


^4— 517- 


eye,  545. 

: : i-l :  "  z  r :  cesses),  5 j 


vessels  of,  59". 
Ins  of  optic  nex^e.  55; — 559. 
matter,  43,  149:  -II-  4-9- 

 in  thyroid.  393 — 394- 

muscular  coat  of,  32". 
ncous  membrane  of.  33". 
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Comedones,  140. 

Commissure  of  optic  nerves,  236,  237. 

 —  soft,  of  brain,  233. 

  of  spinal  cord,  219 — 220, 

Concentric  bodies  in  blood,  525. 

 thymus,  400. 

Cones  of  Jacob's  membrane,  553,  555. 

Coni  vasculosi  testis,  428. 

Conjunctiva  of  cornea,  540—541,  576. 

■   eyelids,  575—576, 

 —  sclerotic,  576. 

Connective  substance,  40 — 45, 

 cells  of,  43 — 45. 

  ■  chemistry  of,  43. 

  literature  of,  45. 

 .  ossification  of,  42,  44. 

—  •  tissues  of,  40,  46—  62. 

Connective  tissue,  53. 

  areolar,  59-  60. 

 "—   chemistry  of,  54. 

 ■   '—  corpuscles  of,  44. 

 —  -  development  of,  55. 

 elastic  fibres  among,  54. 

 embryonic,  41,  46, 

 .  _  fibrous,  53. 

 .  _  functions  of,  55. 

 gelatinoid,  41,  46, 

"~  homogeneous,  53,  54. 

— ■  •  membranes  of,  59. 

"  ■ — ■  literature  of,  60. 

■  ~   subcutaneous  57,  74 — 75. 

'  •   various  forms  of,  56 — 60. 

Contents  of  cells,  13. 
Contractility  of  muscle,  161  —  162, 
Corium,  57,  74 — 80. 

•  of  mucous  membrane,  57. 

 —  nail,  96. 

 skin,  75. 

Cornea,  538 — 546. 

•  conjunctiva  of,  540 — 541,  576. 

 corpuscles  of,  540, 

 lymphatics  of,  543. 

 nerves  of,  544,  551—552. 

 vessels  of,  543. 

Corpus  albicans  (of  ovaiy),  456. 

  callosum,  234 — 236. 

  ciliare,  545, 

 Highmori,  427, 

— ~  luteum,  454 — 456. 

 pyramidale  testis,  428. 

 ■  spongiosum  urethroe,  442 — 443. 

Corpora  albicantia  of  brain,  233. 

 amylacea,  242. 

 cavernosa  of  clitoris,  466. 

 penis,  442. 

 contractility  in,  448. 

 helicine  arteries  of,  445 

—446. 

 investigation  of,  449. 

 nerves  of,  445. 

 veins  of,  445,  498. 

  lymphatica,  508. 

  mammillaria,  233. 

 olivaria,  226, 


Corpora  quadrigemina,  232. 

 restiformia,  226. 

 ■  spongiosa  penis,  442. 

 ■  striata,  229 — 230. 

 Wolfläana,  441,  453. 

Corpuscles  of  blood,  517 — 527. 

■  bone,  172  —  176. 

■  chyle,  514—517. 

 lymph,  514. — 517. 

 Malpighian,  of  kidneys, 405, 407. 

 ■  of  spleen,  360—363. 

 mucous,  287. 

— - — —  salivary,  287, 

 tactile,  81—82,  84—86. 

Coni,  fibres  of,  592 — 596. 

  membrane  of,  589,  596 — 597. 

  organ  of,  592—596, 

Cowper's  glands,  441/ 
Cranial  nerves,  227,  250 — 251. 
Crassamentum,  517, 
Cremaster,  436. 
Cricoid  cartilage,  375. 
Crura  cerebelli,  229,  232. 
 •  cerebri,  233, 

Crusta  petrosa,  see  Cement  of  tooth, 

 phlogistica  of  blood,  518,  520, 

Crystals  in  blood,  526, 

 ■  elementary,  9 — 10. 

Crystalline  lens,  565 — 569, 
Cuticle,  see  Epidermis. 

 of  hair,  11  o,  115. 

 —  tooth,  294,  297,  305,  30S. 

Cutis,  74 — 86. 

 anserina,  86. 

■  contractility  of,  85 — 86. 

 development  of,  82 — 83. 

 elements  of,  76—78. 

 muscular  fibres  in,  77 — 78. 

 nerves  of,  80 — 82. 

 papillai  of,  75—76,  79—82. 

 tlieir  tactile  corpuscles,  8i  — 

82,  84—86. 

■  sensibility  of,  84-^86. 

 vessels  of,  79 — 80. 

Cysticercus  cellulosaj,  161. 
Cystin,  418,  419. 
Cysts  in  kidney,  409. 
Cytoblaetema,  9. 

Dartos,  77,  436, 
Decidua,  463 — 464. 

Decussation  of  fibres  of  cord,  220.  222. 
Degeneration  of  cartilage,  180,  ' 

 cornea,  545. 

 fatty  of  muscles,  i6i. 

 of  ligaments,  178. 

—  lymphatic  glands,  513. 

 ■  thyroid,  393  —  394. 

Demours,  membrane  of,  541 — 542. 
Dentine,  62,  289 — 294. 

■  chemical  composition  of,  292. 

 formation  of,  301 — 302,  306  307, 

 globules,  293 — 294. 

 lamellae  of,  292—293, 
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Dentine,  pathology  of,  293. 
Dentinal  membrane,  304. 
Derma,  74. 

Descemet,  membrane  of,  541— 542.- 
Detrusor  urinaj  muscle,  415. 
Diarthrosis,  179—182. 
Digestion,  organs  of,  264—375. 
Dilator  pupillse,  54^- 
Discus  proligerus  of  ovum,  452- 
Duct,  bile,  347—349- 

  cystic,  349. 

  ejaculatory,  438—439. 

 hepatic,  347—349- 

  nasal,  577. 

  pancreatic,  357-35^- 

  of  salivary  gland,  286—287. 

 .  thoracic,  503—504. 

 .  of  Wirsung,  358. 

Ducts  of  glands  in  general,  38. 

  sudoriparous  glands,  87,  128—129. 

Duodenum,  glands  of,  330—331. 

 muscular  coat  of,  317- 

Dura  mater  of  brain,  238. 

_  ■  nerves  of,  240. 

 sinuses  of,  497. 

 of  spinal  cord,  237. 

 vessels  of,  240. 

Ear,  external,  585. 

 glands  of,  132—134,  S^S- 

 vessels  and  nerves  of,  586. 

  internal,  587—601. 

 .  cochlea  of,  589—600. 

 development  of,  600. 

 .  investigation  of,  600 — 601. 

 literature  of,  601. 

 nerves  of,  588,  598—600. 

 semicircular  canals  of,  587 — 

588. 

 vessels  of,  587,  599—600. 

  vestibule  of,  587. 

 middle,  585-5^7- 

 —  epithelium  of,  585. 

 investigation  of,  600 — 601. 

  .  literature  of,  601. 

 - —  muscles  of,  586. 

 .  ossicles  of.  586. 

 vessels  and  nerves  of,  586. 

Ejaculatory  ducts,  43^— 439- 
Elastic  fibres,  50 — 51. 

.  membrane,  51— 53- 

 tissue,  50- 

 chemistry  of,  52. 

 development  of,  52. 

.   literature  of,  53. 

,  of  vessels,  483,  486—487. 

Elementary  parts,  definition  of,  8. 

 higher,  classification  of,  29 

—30. 

.  .  endowments  of,^3o, 

 simple,  8,  9 — 12. 

Elephantiasis,  131. 

Enamel  of  tooth,  294—297. 

 chemical  composition  of,  294-  295. 


Enamel,  cuticle  of,  294,  297.  3°5'  3°^- 

 formation  of,  304 — 306,  610. 

 membrane,  305,  610. 

 organ,  301,  304. 

 structure  of,  295—297. 

ETidocardium,  479—480. 
Endolymph,  587. 
Endosmosis,  so-called,  22. 
Ependyma,  219,  240. 

 ventriculorum,  240,  242. 

Epeudymatic  filament  of  cord,  219. 
Epidermic  tissue,  33. 

 literature  of,  37. 

Epidermis,  34,  74^     — 95. 

 chemical  characters  of,  91. 

 development  of,  93. 

 embryonic,  desquamation  of,  94- 

 growth  of,  92. 

 horny  layer  of,  89. 

 mucous  layer  of,  87 — 89. 

 pigment  of,  88,  90. 

 regeneration  of,  92 — 93. 

Epididymis,  428—430. 

Epiglottis,  376. 

Epiphyses,  188,200,  205. 

Epithelium,  35—36- 

 of  air-cells,  386—387. 

 arachnoid,  237,  239, 

 arteries,  486,  490. 

 bladder,  415. 

 bronchial  tubes,  385. 

 capitatum,  329, 

 ciUated  cyHndrical,  35. 

 .  pavement,  36. 

 - —  stratified,  36. 

 columnar,  35. 

  of  conjunctiva,  542—543. 

 cornea,  540. 

 cylindrical,  35. 

 of  Demour's  membrane,  542 — 

54-3-  ^ 

  enamel  organ,  36,  305,  öio. 

  endocardium,  480. 

 epididymis,  429—430. 

   Eustachian  tube,  312,  586. 

 Eallopian  tube,  457- 

 fusiform,  35. 

 of  gall-bladder,  349. 

 .  hydatids  of  Morgagni,  437. 

 intestine;  of  large,  337. 

  small,  328—329. 

 iris,  543.  549- 

 -  kidney,  406 — 407. 

.  ,  ciliated,  409. 

 •  of  pelvis,  414. 

_  •  larynx,  377—378- 

 .  lenticular  capsule,  565—566. 

 lymphatic  vessels,  503. 

.  .  mouth,  267 — 269. 

 nose,  602 — 605. 

  ciliated,  602—603. 

.  •  oesophagus,  315- 

 parovarium,  453. 

I  pavement,  35. 


6i6 


INDEX. 


Epithelium,  pavement,  stratified,  36. 

 of  pelvis  of  kidney,  414. 

 pericardium,  477. 

 peritoneum,  316, 

'  pharynx,  312. 

•  pleura,  381. 

 seminiferous  tubes,  430. 

 •         splenic  vessels,  369. 

■  stomach,  323. 

 Stratified,  36. 

 •— —  of  synovial  membranes,  i8x — 

182. 

■  —  tongue,  275. 

 trachea,  380, 

 '   tunica  vaginalis,  436, 

—  —  tympanum,  585. 

■  ■  ureters,  414. 

—  -urethra;  of  female,  416. 

■  male,  443. 

 uriniferous  tubes,  406 — 407. 

~ — '  •  uterus,  458. 

■~ —  of  cervix,  459. 

  vagina,  465. 

 ■  vas  deferens,  438. 

  veins,  493,  494,  497. 

"~  ■  venous  spaces  of  penis,  442. 

 ventricles  of  brain,  240. 

  vessels,  482 — 484. 

Erection  of  nipple,  77,  86. 
Eruption  of  teeth,  302 — 303. 
Ethmoid  bone,  tissue  of,  166,  602. 
Eustachian  tube,  586. 

opening  to  pharynx,  312 
— 313. 

Excretive  processes  of  cells,  24, 
External  ear,  585. 

 glands  of,  132—134,  585. 

 ■  '  vessels  and  nerves  of,  586. 

Eye,  537—584. 

 accessory  organs  of,  574, 

 investigation  of,  581 — 583. 

 literature  of,  583 — 584, 

Eyeball,  537  —  572, 

 •  development  of,  578. 

 tissues  of,  580. 

■  fibrous  coat  of,  537 — 545. 

 ■  lens  of,  565 — 569. 

'   nervous  coat  of,  552 — 565. 

•  pigment  of,  547. 

  vascular  coat  of,  545 — 552. 

 vitreous  body,  569 — 572. 

Eyelashes,  575. 
Eyehds,  574—576. 

■   cartilages  of,  574, 

 •  glands  of,  575. 

 •  mucous  membrane  of,  575 — 576. 

Fallopian  tube,  457. 

■  — -  peculiarities  of,  460. 

Falx  cerebri,  238, 
Fasciae,  148 — 149. 
Fasciculi  of  muscles,  144. 

 nerves,  249. 

Fat-cells,  78—79. 


Fatty  degeneration  of  cornea,  545, 

 '  kidneys,  418 — 419. 

 muscles,  161. 

Fenestrated  membrane,  51. 

■  '  ■  of  arteries,  483,  487. 

■  •  hairs,  109. 

Ferrein,  pyramids  of,  405. 

Fibre  'griggie,'  560. 

Fibres,  elastic,  50 — 51. 

 elementary,  10. 

 of  lens,  566 — .569. 

  Müller  in  retina,  553,  561—564, 

■   muscles,  striped,  142—145. 

■  unstriped,  64—65. 

 nerves,  of  cerebro-spinal  system, 

68,  211 — 216. 

~  gelatinous,  254 — 255. 

 '  of  sympathetic,  252—255 

 of  Remak,  54,  253,  254—255. 

 tendons,  56. 

Fibre-cells,  contractility  of,  27. 

— _  of  smooth  muscles,  64. 

Fibrils  of  connective  tissue,  53, 

  muscle,  142. 

Filaments  of  Müller,  553,  561—564. 
Filum  terminale  of  cord,  224,  238. 
Follicles,  aggregated,  72. 

 ■  Graafian,  451. 

 ■  of  hair,  104,  m — 112, 

 intestine;  of  large,  336 — 337. 

 small,  331—335. 

■  solitary,  72. 

-—  of  stomach,  323. 

Follicular  glands,  72. 

 compound,  284. 

 lymphatics  in,  334 — 335, 

337- 

—  .  simple,  283. 

 vessels  in,  283 — 284,  333 

— 334. 
Formation  of  cells,  1 6. 
Fornix,  236. 
Freckles,  91. 

Frenula  of  lips  and  tongue,  266. 
Fringes,  synovial,  181. 
Fungi  in  carious  teeth,  311. 

■   milk,  476. 

— —  on  tongue,  278. 
 in  vagina,  469. 

Galactophorous  ducts,  471. 
Gall-bladder,  349 — 350. 

 •  development  of,  356. 

 nerves  of,  355. 

- —  vessels  of,  355. 

Ganglia  in  general,  70,  71. 

 —  of  brain,  229 — 233, 

 —  on  cerebral  nerves,  250. 

 •  Gasserian,  250. 

■  on  motor  nerves,  250. 

 spinal  nerves,  243 — 246. 

  structure  of,  244 — 246,  250,  252. 

 on  sympathetic,  252—253. 

 vessels  of,  249. 
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Ganglionic  fibres,  244 — 245. 

 globules,  6 9, 2 1 6,  244 — 245,253. 

 system  of  nerves,  251 — 257. 

Gelatinous  connective  tissue,  46,  60. 

 of  vitreous  body,  571. 

Gelatinous  nerve-fibres,  254,  255. 
General  Histology,  9  —73. 
Giraldes,  organ  of,  441. 
Gland,  lacteal,  470 — 476. 
■  ■  pineal,  433. 

 pituitary,  see  hypophysis  cerebri. 

  pi-ostate,  439 — 440. 

 thymus,  395 — ^401. 

 thyroid,  392 — 395, 

Gland-granules  of  embryonic  lung,  390 — 
391- 

 —  thymus,  396, 

Gland- vesicles,  in  general,  37 — 38,  280. 

 ■          of  thyroid,  37,  392—393- 

Glands,  acini  of,  see  Gland-vesicles  and 
Gland-granules. 

 .  agminated,  332. 

 of  axilla,  124 — 127. 

 —  Baitholine,  466. 

 Bowman,  604,  605 — 606. 

 Brunner,  330 — 331. 

 buccal,  279. 

 "  ceruminous,  132  —  134,  585. 

 cells  of,  in  general,  33,  37-  3^- 

 chemical  composition  of,  39. 

  classification  of,  40. 

  compound,  40. 

 development  of,  in  general,  39. 

 ducts  of,  in  general,  38,  58. 

 of  ear,  585. 

— — —  epiglottis,  378. 

 excretory  ducts  of,  in  general,  38. 

 follicular,  72. 

 compound,  284. 

 ■  of  intestine;  of  large,  336— 

337. 

_ — ,  of  small,  331 — 335- 

 mouth,  282 — 283. 

 pharynx,  313 

,  .  secretion  of,  285. 

 simple,  283. 

 .  •  of  stomach,  323. 

 tonsils,  284 — 285. 

— —  vessels  in,  283,  284. 

 gastric,  folUcular,  323. 

 mucous,  321 — 322. 

 peptic,  319 — 321. 

 compound,  320 — 321. 

 ,  ^  simple,  319 — 320. 

-— — —  granules  of  thymus,  396. 

 of  Havers,  so-called,  181. 

  large  intestine,  336,  337. 

.  .  Lieberkühn's,  336. 

 solitary,  337. 

 — —  of  small  intestine,  330 — 335. 

.  Brunner's,  330 — 331. 

 Lieberkühn's,  330 — 

331. 

 Peyer's,  332—335. 


Glands  of  small  intestine,  solitary,  334. 

 —  labial,  279. 

 lacrymal,  576 — 577. 

 larynx,  378 — 379. 

- — —  lingual,  follicular,  282—285. 

 mucous,  279 — 280. 

 literature  of,  40. 

 of  Littre,  443 

 lymphatic,  72,  503 — 513. 

 mammary,  470—476. 

 'Meibomian,  575. 

 of  mouth,  see  of  oral  cavity. 

 •  mucous,  279 — 282. 

 mucous  lining  of,  58. 

 of  nose,  603 — 605. 

 oesophagus,  315. 

_  —  oral  cavity,  follicular,  282 — 286. 

 mucous,  279 — 282. 

 salivary,  286 — 287. 

— — —  of  Pacchioni,  243 

 palatine,  279. 

 parotid,  286 — 287. 

 peptic  of  stomach,  319 — 321. 

 of  Peyer,  332—333. 

 — --  pharyngeal  mucous,  312. 

 follicular,  313. 

' — ~—  of  prepuce,  444. 

 racemose,  40,  279 — 282. 

  of  Rivini,  286. 

 salivary,  286 — 287. 

•  sebaceous,  135 — 141. 

  secreting  elements  of,  37. 

 ~  simple,  40. 

-—  of  skin,  sebaceous,  135 — 141. 

 sudoriparous,  124 — 132. 

 solitary,  334,  336—337. 

— —  of  stomach,  see  Glands,  gastric. 

 sublingual,  286. 

 submaxillary,  286. 

 sudoriparous,  124 — 132. 

 ~  tissue  of,  in  general,  37 — 40. 

■         of  tongue,  see  Glands,  lingual. 

 trachea,  380. 

 tubular,  38,  40,  330 — 331. 

■  ■  vascular,  tissue  of,  72. 

  vesicles,  in  general,  37 — 38,  e.g. 

2S0. 

 _ — of  thyroid,  392—393. 

 of  uterus,  458 — 459. 

  of  vulva,  465 — 466. 

Glandulae  Pacchioni,  243. 

 tartaricjB,  303. 

 Tysoniange,  444. 

Glandular  elements,  action  in  secretion, 
.  39- 

  follicles,  see  Glands,  follicular. 

 of  spleen,  363. 

——— '  tissue,  37 — 40. 

Glisson's  capsule,  342 — 353. 

Globuline  crystals,  527. 

Glomeruli  of  kidney,  407,  409 — 410. 

Glottis,  mucous  membrane  of,  377. 

Graafian  follicles,  451. 

 '  dehiscence  of,  454. 
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Graafian  follicles,  development  of,  467 — 
468. 

 —  reproduction 'of,  456 — 457. 

Granules,  elementary,  10, 

 gland-,  of  embryonic  lung,  390 — 

391- 

 of  thymus,  396, 

Grey  substance  of  nervous  centres,  70. 
Gubernaculum  of  tooth,  301. 

—  testis,  446 —-447. 

Gum,  266 — 267,  289,  300. 
■         formation  of,  303. 

Habenula  denticulata,  590,  592 — 596. 

  perforata,  592. 

—  sulcata,  590 — 592. 

Haematoidin  crystals,  526. 
Hsemin  crystals,  526. 
Hairs,  34,  104 — 124. 
— —  bulb  of,  104,  108,  112. 

—  —  chemical  compositiun  of,  105 — 106 

 —  colour  of,  106 — 108,  122. 

 cuticle  of,  110. 

 development  of,  115 — 118. 

  disposition  of,  104 — 105. 

—  eruption  of,  117. 

 at  puberty,  122. 

 fibrous  substai]ce  of,  106 — 108. 

 follicle  of,  104,  III — 112. 

 growth  of,  120,  123. 

 investigation  of,  123. 

 literature  of,  1 24. 

 medulla  of,  109. 

 papilla  of.  III. 

 pathological  states  of,  123. 

 reproduction  of,  119,  122, 

 root  of,  104,  108 — 109. 

 root-sheath  of,  112,  115. 

 shedding  of,  118  — 120,  122, 

 ■  structure  of,  ig6 — 112. 

 vitality  of,  121. 

Haversian  canals,  165,  167 — 170. 

 formation  of,  198,  201 — 202, 

204. 

 in  tooth  cement,  299. 

•  glands,  so-called,  18 1. 

 spaces,  168. 

Heart,  477 — 482. 

  annuli  of,  478. 

—          chordaj  tendinete,  479,480. 

  development  of,  527 — 528, 

—  endocardium  of,  479 — 480. 

 fibro-cartilage  of,  479. 

 '■ —  fibrous  rings  of,  478. 

■  investigation  of,  535. 

 lining  of,  479 — 480. 

 literature  of,  536 — 537. 

 ■  lymphatics  of,  481. 

 muscular  fibres  of,  477 — 478. 

 their  course,  478 — 479, 

482. 

 musculi  pectinati  of,  479. 

•  nerves  of,  481 — 482. 

 •  pericardium  of,  477. 


Heart,  valves  of,  480 — 481. 

 vessels  of,  481. 

Helicine  arteries,  of  clitoris,  466. 

■  •  of  penis,  445 — 446. 

Hepatic  cells,  343 — 347. 
•  •  ducts,  349. 

Tj~~7  "J'^'fl'^'  351—354- 
Histological  science,  3  —  5. 
Histology,  general,  9 — 73. 

 special,  74 — 608. 

 works  on,  5 — 6, 

Historical  introduction,  i — 2. 
Horner,  muscle  of,  577. 
Horny  layer  of  epidermis,  89. 
 tissue,  34. 

Huxley's  layer  (tooth),  109,  114,  610. 
Hyaloid  membrane,  569 — 570. 
Hydatids  of  Morgagni,  437, 
Hymen,  465. 
Hypoglossal  nerve,  250. 
Hypophysis  cerebri,  233. 

Ichthyosis,  91,  131,  140. 
llco-cohc  valve,  317,  325,  336. 
Ileum,  see  Intestine,  small. 
Infundibulum  of  brain,  233. 
Integument,  external,  74,  see  Skin,  etc. 
Integumentary  system,  32,  75 — 141. 
Intercellular  spaces,  25. 

 substance,  25. 

 substance  of  dentine,  25,  307. 

Intermediate  substances,  9. 
Internal  ear,  587 — 601. 

 cochlea  of,  5S9 — 600. 

 development  of,  600. 

 ■  investigation  of,  600 — 601. 

 literature  of,  601. 

 nerves  of,  588,  598—599,  600. 

 semicircular  canals  of,  587, 

588. 

 vessels  of,  587,  599—600. 

 vestibule  of,  587. 

Intervertebral  substance,  178,  609. 
Intestinal  canal,  315 — 339. 

 development  of,  337,  338. 

Intestines,  316—318,  324—339. 

  coat  of,  mucous,  324 — 337. 

    muscular,  317 — 318. 

 peritoneal,  315 — 316. 

  development  of,  337 — 338. 

 investigation  of,  338  —  339. 

 large,  epithelium  of,  337. 

 glands  of,  336 — 337. 

 Lieberkiihn's,336. 

 solitary,  337, 

  mucous  membrane  of,  336- 

337- 

 muscular  coat  of,  3x7. 

 literature  of,  339. 

 small,  chyle-vessels  of,  326,  329. 

 epithelium  of,  325,  328, 

 glands  of,  324—325,  330— 

337- 

 Brunner'fl,  330,  331. 
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Intestines,  small,  glands  of,  Lieber- 
kühn's,  330—331. 

.  Peyer's,  332—335- 

—  solitary,  334. 

_  mucous  membrane  of,  324. — 

335- 

.  —  muscular  coat  of,  317. 

 secretion  of,  328,  331. 

.  villi  of,  325—329. 

Involuntary  muscles,  see  Muscles,  smooth. 
Ins,  548—552. 

 colour  of,  549. 

 epithelium  of,  543,  549. 

 ■  lig.  pectinatum  of,  541 — 542. 

 muscular  fibres  of,  548. 

 nerves  of,  551 — 552. 

 pigment  of,  549. 

 .  vessels  of  551. 

Irritability  of  muscle,  162 — 163. 
Ivory  of  tooth,  62,  289. 

Jacob's  membrane,  553—556- 

 function  of,  565. 

Jejunum,  see  Intestine,  small. 
Joints,  articular  cartilage  of,  179,  180, 

 moveable,  179 — 182. 

 structure  of,  181 — 182. 

 by  suture,  177. 

 by  synchondrosis,  178. 

 synovial  membrane  of,  1 80, 1 8 1 — 182 

 varieties  of,  177 — 182. 

Keratin,  33,  92. 
Kidney,  403 — 414. 

 calyces  of,  414. 

 capillaries  of,  410 — 411. 

 capsule  of,  403. 

  chemical  composition  of,  418. 

 columnjB  or  septa  Bertini,  403,  405. 

 connective  tissue  of,  413. 

■         cortical  substance  of,  403. 

 cysts,  pathological  in,  409. 

 development  of,  416 — 417. 

 ducts  of,  see  tubules  of,  and  Ureter. 

 glomeruli  of,  407,  410 — 411, 

 investigation  of,  419 — 420. 

 literature  of,  420 — 421. 

 •  lymphatics  of,  412. 

 Malpighian  bodies  of,  405, 407 — 409, 

 their  epithelium,  408. 

 .  number,  406. 

  structure,  407. 

 vessels,  407,  410 — 411. 

 medullary  substance  of,  403 — 404, 

405. 

 nei'ves  of,  412. 

.  papilloe  of,  404,  405. 

 pathology  of,  408,  409.  413,  414, 

418,  419. 
— — •  pelvis  of,  414. 

 pyramids  of,  of  Ferrein,  405. 

 of  Malpighi,  403. 

  secretion  by,  417,  418. 

— —  their  secretion,  418 — 419. 


Kidney,  tubules  of,  404 — 407. 

 of  Bellini,  404. 

 casts  of,  418. 

 convoluted,  405. 

    number  of,  406, 

 —  straight,  404 — 405. 

    structure  of,  406 — 407. 

 vessels  of,  405,  406—412. 

Lnbia  majora,  465, 

 .  glands  of,  465. 

 hairs  of,  113. 

  minora,  465. 

 glands  of,  135 — 137,  140,  465. 

 papillae  of,  465. 

Labuil  glands,  279. 

Lal)yrinth  of  ear,  587 — 600.    See  In- 
ternal ear.  Cochlea,  etc. 
Lacrymal  apparatus,  576 — 578. 

 •  canals,  577. 

 cariincula,  576. 

 ducts,  577. 

 gland,  576 — 577. 

 ducts  of,  577, 

  sac,  577. 

Lactation,  changes  of  mammse  in,  472, 

474—475. 
Lacteal  gland,  470 — 476. 

 change  on  conception,  474 — 

475- 

 at  lactation,  472,  474 — 

475- 

 involution,  474. 

 ■  connective  tissue  of,  471. 

    development  of,  in  infant, 

473. 

 at  puberty,  474. 

 in  pregnancy,  474. 

 ducts  of,  471 — 474. 

—  ■  investigation  of,  476, 

 literature  of,  476. 

 ■   lobes  of,  472. 

 —  in  male,  472 — 473. 

 ■  nerves  of,  472. 

 nipple,  472. 

 •  areola  of,  472. 

 secretion  of,  39,  474 — 476, 

 .  •  abnormal,  476. 

 skin  over,  472. 

 •  tissue  of,  470 — 471. 

 ■  vessels  of,  472. 

Lacteal  vessels,  501 — 503. 

 •  in  villi,  326 — 327,  329. 

Lactiferous  ducts,  471,  474. 
Lacunas  of  bone,  175. 

 •  their  cellular  nature,  61. 

 ■  ■  formation,  192 — 197, 

198. 

 of  Morgagni,  444. 

 ■  tooth  cement,  298. 

Lacunar  system  of  lymphatic  glands,  508 
Lamell»  of  bone,  168— 171. 

 crystalline  lens,  567 — 568. 

Lamina  cinerea  (or  terminalis),  236, 
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Lamina  fusca  of  choroid,  545. 

  germinal  of  embryo,  337. 

{et passim,  under  development.) 

—  —  reticularis  cochleae,  594 — 595. 

  spir.  membr.  cochlcje,  589—590. 

 _ — —  (in  stricter  sense), 

590—596. 

 ~  basilar  membrane 

of,  589 — 596, 

.  ..^ —  membrane  of 

Corti,  589, 
596—597. 

 ,       .     —         scala  media  of, 

589,  597. 

Larynx,  375—379- 

—          cartilages  of,  375 — 376. 

 ■  development  of,  390, 

■   epithelium  of,  377 — 378. 

  glands  of,  378 — 379. 

  ligaments  of,  376. 

•  ■  literature  of,  392, 

  mucous  membrane  of,  376 — 379. 

 ■  muscles  of,  376. 

—  — —  nerves  of,  379, 

 ~  vessels  of,  379. 

•   vocal  cords  of,  376. 

Lens,  crystalline,  565 — 569. 

  capsule  of,  565 — 566. 

  lamellae  of,  567. 

  tissue  of,  37,  566 — 569. 

  tubes  or  fibres  of,  566 — 569. 

Lenticular  tubes  or  fibres,  566 — 569. 
Leptothrix  buccalis,  278,  311,  469. 
Leuctemia,  512,  522. 
Lieberkiihn's  glands,  330 — 331,  336. 
Ligament,  56. 

 degeneration  of,  178. 

 clastic,  177. 

 fibrous,  177, 

 nerves  of,  186. 

Ligamentum  ciliare,  547. 

 denticulatum,  237. 

 '  iridis  pectinatum,  541 — 542. 

 ■  nuchas,  177,  186, 

 ■  spiralc  cochleaä,  596. 

 ■  thyreo- arytenoideum  infer., 

376,  377. 
Ligaments  of  colon,  317. 

 intervertebral,  178,  609. 

 of  larynx,  376. 

 ~          ovaries,  460. 

 subflava,  53,  177. 

 of  tendons,  149. 

  tarsi,  574. 

 •  uterus,  460. 

 yellow,  177. 

Lingual  cartilage,  269, 

— —  •  glands,  279 — 280. 

•   muscles,  269 — 274. 

■  fibres  of,  274. 

 ■  nerve,  250. 

 papihae,  275 — 278. 

    their  tactile  corpuscles,  81, 

276. 


Lips,  glands  of,  279. 

 raucous  membrane  of,  265. 

Liquor  cerebro-spinalis,  242. 

 Cotunni.  587. 

  folliculi,  452. 

 —  Morgagni,  of  lens,  566, 

—          sanguinis,  517. 

 seminis,  433. 

LiTERATUBE,  in  general,  5 — 6. 

 ■  of  bone.  62,  210, 

 cartilage,  50, 

 circulatory  system,  536 — 537. 

 connective  substance,  45. 

 —  '  tissue,  60. 

 the  ear,  601. 

—  elastic  tissue,  53. 

 ■  elementary  parts,  30. 

 epidermic  tissue,  37. 

 the  eye,  583 — 584. 

 glands,  40. 

 hairs,  124. 

 Histology  in  general,  5 — 6. 

 intestinal  canal,  339. 

—  —  kidneys,  420 — 421. 

 ,  larynx,  392. 

 liver,  357. 

— —  ■  lungs.  391—392. 

 ■  mammary  gland,  476, 

  Microscope,  7, 

 muscle,  striped,  165, 

 unstriped,  66. 

  nails,  103. 

 nasal  cavity,  6c8. 

■  nervous  system,  263 — 264, 

—  tissue,  71. 

 •  oesophagus,  315. 

 ■  olfactory  organ,  608. 

•  oral  cavity,  288. 

 organs  of  circulation,  536 — 

537. 

~    heanng,  601. 

 ■  respiration,  391 — 

392. 

 sexual,  female,  469 — 

470. 

"  •  male,  449 — 450, 

 of  smell,  608. 

 vision,  583 — 584. 

 pancreas,  358. 

 Pathological  histology,  6. 

  sebaceous  glands,  141. 

 ■  skin,  95, 


 ■—  spleen,  374—375. 

 stomach,  339. 

—  ■  sudoriparous  glands,  132. 

 supra-renal  capsules,  426. 

  teeth,  311 — 312. 

 ,  thymus,  402. 

— —  thyroid,  395, 

■  urinary  organs,  420 — 421, 

 ■  vascular  glands,  73. 

 vessels,  blood  and  lymph, 

T-      ,    ,  536—537- 
Littre  s  glands,  416,  443,  446. 
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LiVEB,  339 — 357. 

 aberrant  ducts  of,  349. 

 blood  of,  523. 

 cai  lals,  ultimate  (?)  of,  345—346. 

 capillaries  of,  351,  354. 

 capsule  of  Glisson,  348,  353. 

 cells  of,  343 — 347. 

 chemistry  of,  347. 

 in  cirrhosis,  343. 

 congestion  of,  343. 

 connective  tissue  of,  343. 

 development  of,  355 — 356. 

 ducts  of,  aberrant,  349 — 350, 

 their  commencement,  34£;,  347, 

348. 

 .  course,  347 — 348, 

 structure,  348 — 349. 

 vessels,  353. 

 efferent  passages  of,  347 — 350. 

 gall-bladder,  349. 

  investigation  of,  356  —  357. 

■  literature  of,  357. 

 lobules  of,  their  arrangement,  340 — 

343- 

■  passnges  (  ?)  m,  345—347- 

 in  pig,  etc.,  341—342. 

 their  structure,  343 — 347- 

 vessels,  351,  352. 

 lymphatics  of,  3  54. 

 nerves  of,  354  —  355. 

 secretion  by,  347. 

■  structure  of,  in  general,  340 — 343. 

 vessels  of,  capillary,  351  — 354- 

 hepatic  artery,  353 — 354- 

 ■  '  vein,  351-353- 

 ■  portal  vein,  350 — 351. 

Lobules  of  liver,  340 — 347. 

■  lung,  382—384. 

Lu^fG,  375,  381  —  392. 

 air-cells  of,  their  arrangement,  382 

-383- 

 epithelium,  386 — 387. 

— — •  parietal,  383. 

 their  size,  383. 

■  structure,  386 — 387. 

 vessels,  388. 

 bronchial  tubes  of,  their  division, 

382. 

 epithelium,  385. 

 — —  function,  390. 

.  glands,  384 — 385. 

—  structure,  384 — 

386. 

 union  with  air- 
cells,  383. 

— — ■  vessels,  388,  389 

—390. 

 bronchial  vessels  of,  387,  388. 

■  capillaries  of,  388. 

 connective  tissue  of,  387. 

■ — —  development  of,  390 — 391. 

 gland -granules  of,  390 — 391. 

 glandular  nature  of,  382 — 383. 

 infundibula  of,  382. 


Lung,  investigation  of,  391. 

 literature  of,  391  —  392. 

 lobes  of,  384. 

 lobules  of,  382 — 384. 

  secondary,  384. 

 lymphatics  of,  389. 

 nerves  of,  389. 

 pigment  of,  387. 

 pleura  of,  381—382. 

 surface  of,  its  vessels,  389. 

 vessels  of,  bronchial,  387,  388. 

 •  capillary,  388. 

.  on  finer  bronchia,  389,  390. 

 pulmonary,  387-388,  389. 

 on  surface,  389. 

Lunula  of  nail,  97. 
Lymph,  514 — 517. 

 corpuscles,  5 1 4 —  517. 

 absent,  515,  517. 

 of  blood,  521,  534. 

 in  diseases,  522. 

 formation  of,  in  embryo, 

•  530,  531,  533- 
 .  in  follicles,  5 1 6 — 

517- 

 .  in  lymph,  glands, 

512—513.  516. 

 in  spleen,  374. 

 formation  of  red-cells  irom, 

533—535- 

 muitiplication  by  partition, 

515- 

 number  and  size  of,  5 1 5 — 

516. 

 structure  of,  514 — 515. 

 of  thoracic  duct,  516. 

 vital  movements  of,  27,  515. 

 fat  granules  of,  514. 

 free  nuclei  of,  514. 

 plasma  of,  514. 

 red  blood-cells  in,  516. 

Lymphatic  glands,  72,  503 — 513. 

 alveoli  of,  505. 

 blood-vessels  in,  510 — 511. 

 circulation  of  lymph  in,  508. 

511— 512. 

 cortex  of,  505. 

 degenerations  of,  51 3. 

 development  of,  530. 

 envelope  of,  504. 

 function  of,  512 — 513. 

 —  hypertrophy  of,  512,  513. 

 -juice  of,  506 — 507. 

 lacunar  system  of,  508. 

 literature  of,  536. 

 lymphatic  vessels  in,  507 — ' 

"  510. 

 _  medulla  of,  507. 

 nerves  of,  511. 

 relation  of  follicles  to,  335, 

363- 

 vessels  in,  510 — 511. 

Lymphatic  vessels,  of  organs  and  tissues, 
see  those  parts. 
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Lymphatic  vessels,  coats  of,  503. 

 commencement  of,  502, 

 connection  with  follicles,  334 

—335,  363- 

 development  of,  530. 

 ■  efferent,  509 — 510. 

 infer ent,  508,  510. 

 lacteal,  326. 

 in  lymphatic  glands,  507 — 

510. 

 structure  of,  503. 

 in  tail  of  tadpole,  502. 

 valves  of,  504. 

 vessels  and  nerves  of,  504. 

 in  villi,  326,  502. 

Macula  germinativa,  453, 
Malpighian  corpuscles  of  kidney,  405, 
407—409. 

 spleen,  360 — 363. 

 layer  of  epidermis,  87. 

 ■  pyramids  of  kidney,  403. 

Mamma,  or  mammary  gland,  470 — 476. 
See  Lacteal  gland. 

 of  male,  472 — 473. 

Marrow  of  bone,  176. 
Mastoid  cells,  585. 
Matrix  of  bone,  61. 

—  cartilage,  25,  47,  49. 

190. 


■  connective  tissues,  42 — 43. 
dentine,  25,  307. 
nail,  95 — 96. 


Meatus  auditorius,  585. 
Medulla  of  bone,  176. 

 cerebrum,  70. 

 kidney,  403. 

 ■  nerve-fibre,  212. 

 ■  oblongata,  226 — 227. 

 ^  spinalis,  218 — 226.    See  Spinal 

cord. 

Meibomian  glands,  575. 
Membrana  adamantinas,  305. 

 eboris,  304. 

 granulosa  of  ovisac,  451. 

 limitans,  59,  560. 

  pr^formativa,  303,  305 — 308. 

 propria,  25,  37,  59. 

 pupillaris,  579. 

Membrane  of  aqueous  humour,  541. 

 arachnoid,  237 — 239. 

 basement,  59. 

 capsulo-pupillary,  579. 

 of  cells,  13,  15,  22. 

 choroid,  545 — 548. 

 of  connective  tissue,  59. 

 ■  Corti,  589,  596—597. 

 Demours,  541 — 542. 

 Descemet,  541 — 542, 

 •  elastic,  51 — 53. 

 enamel,  305. 

 hyaloid,  569. 

 >  Jacob's,  553. 

 —  mucous,  in  general,  57 — 58. 


Membrane  serous,  in  general,  57. 

 synovial,  57,  181. 

Membranes  of  the  Brain,  238— 24T, 

 Spinal  cord,  237 — 238, 

 mucous,  etc.,  of  organs,  see 

Mucous  membrane,  etc. 
Meninges,  237 — 241. 
Metabolic  phenomena,  22 — 23. 
Middle  ear,  585—587. 
Milium,  140. 
Milk,  474 — 476. 

 abnormal,  476. 

 ■  cells  of,  475. 

 colostrum  corpuscles  of,  474 — 476. 

 mode  of  secretion  of,  475. 

Milk-teeth,  300 — 302. 

 shedding  of,  303. 

Molecular  movements  of  Brown,  24. 
Morgagni,  hydatids  of,  437,  447. 

 lacunae  of,  444,  446. 

Motion  in  cells,  26 — 27. 
 of  cilia,  26. 

■  lymph  corpuscles,  27,  514. 

Mouth,  epitheHum  of,  267 — 269. 

 glands  of,  follicular,  282 — 286. 

 mucous,  279 — 282. 

 mucous  membrane  of,  265 — 267. 

 ■  secretions  of,  287. 

Mucous  corpuscles,  282,  287. 

 glands,  e.g.  of  mouth,  279 — 282. 

 lamina  of  embryo,  337. 

■  layer  of  epidermis,  87 — 89. 

Mücous  Membrane,  57—58.    See  also 
Epithelium  and  Glands. 
 of  alimentary  canal,  265. 

See  also  of  tongue, 

etc. 

 basement  membrane  (?) 

of,  58,  59. 

 of  bladder,  415. 

 biliary  ducts,  348 — 349. 

 •  bronchial  tubes,  385. 

 conjunctival,  575 — 576. 

 corium  of,  in  general,  57. 

 of  ducts  of  glands,  58. 

 epithelium  of,  see  Epithe- 
lium, 

 —  of  Eustachian  tube,  <:8c;. 

586. 

 —  Fallopian  tube,  457. 

 -—  —  folds  of  Kerkring  on,  325. 

 .  of  gall-bladder,  349. 

 —  glands  of,  see  Glands. 

 of  intestine;  of  large,  335 

—336. 

 of  small,  324 — 

335- 

 larynx,  376—379. 

 —  lips,  265,  267. 

 lymphatics  of,  502;  e.g., 

in  conjunctiva,  577. 


—  of  mammary  gland,  58, 
471. 

 middle  ear,  585 
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Mücous  Membrane  of  mouth,  265—269, 
274—283.  I 

 muscular  tiure-cells  of;  e.g. 

in  oesophagus,  314 — 
315- 

   of  nasal  duct,  577. 

.   nerves  of;  e.g.  in  conjunc- 
tiva, 577—578,  or  in 
mouth,  267. 

 nerve  ganglia  of,  327 — 

328. 

  of  nose,  602 — 606. 

,  .  oral  cavity,  265 — 269, 

274—  283. 

 oesophagus,  314 — 315. 

 .  olfactory,  602,  603 — 606. 

 papillre  of;  e.g.,  in  mouth, 

266—267,  or  in  tongue, 

275—  278. 

 of  pelvis  of  kidney,  414. 

 pharynx,  312—313. 

 rectum,  337. 

 Schneiderian,  602 — 603. 

 secretion  of,  24,  57;  e.g., 

in  mouth,  287. 

 .  of  stomach,  319 — 322. 

    structure  of,  57 — 58. 

.  .  submucous  tissue  of,  57; 

e.g.,  mouth,  266. 

 of  tongue,  274 — 278. 

  trachea,  380. 

 tubuli  of;  e.g.  of  intestine, 

330—331. 

 of  tympanum,  585. 

  ureter,  414. 

 urethra,  female,  416. 

 male,  443. 

 uterus,  458. 

 of  neck,  459. 

,  vagina,  465. 

.  ,  1  valvulas  conniventes  of, 

3^5- 

 of  vas  deferens,  438. 

 vesiculse  seminales, 

439- 

 vessels  of;  e.g.,  in  mouth, 

266. 

 villi  of,  325. 


of  vulva,  465. 


Mucous  tissue,  46. 

 .  of  vitreous  body,  46,  572. 

Mucus,  24;  e.g.,  of  mouth,  287. 
Müller,  ducts  of,  447»  467- 

 filaments  of,  553,  561—564. 

Muscle,  or  Muscles,  of  organs  and 
tissues,  see  those  parts. 

 ciliary  of  ciliary  processes,  547. 

 '—  eyelids,  575. 

 dartos,  77,  436, 

 detrusor  urinse,  415. 

 lingual,  269 — 273. 

 orbitalis,  578. 

 sphincter  of  anus,  317. 

 suspensory  of  duodenum,  317. 


Muscles  smooth,  in  general,  64 — 66. 

 arrangement  of,  65. 

 chemistry  of,  64 — 65. 

 connexion  with  tendons,  65. 

 contractility  of,  27. 

 •  elements  of,  64. 

   fibre-cells  of,  64. 

 literature  of,  66. 

 localisation  of,  65 — 66. 

Muscles  striped,  66 — 68,  141 — 165. 

 chemistry  of,  64 — 65,67,155. 

 connexion  with  bones,  145. 

 skin,  145. 

 tendons,  145,  147 

—148. 

■  contractility  of,  27,  67,  161 

— 162. 

 development  of.  158 — 160. 

 elements  of,  27,  143 — 144. 

 —  envelopes  of,  148 — 149. 

fasciculi  of,  144 — 145. 

 their  sheaths,  145. 

fatty  degeneration  of,  161. 
fibres  of,  141 — 144. 

 their  anastomoses  in 

the  heart,  477 — 478. 

   arrangement,  144. 

 division  in  the 

tongue,  274. 

  elements,  142 — 

144. 

 interstitial  gra- 
nules, 143. 

•  origin,  67,  158 — 

159- 

 sheath,  142. 


   fibrill£e  of,  142,  609. 

•  their  nature,  143. 

 origin,  158 — 

159- 

 ■  growth  of,  159 — 160. 

 ■          inherent  irritability  of,  162. 

 investigation  of,  163 — 165. 

 ~   literature  of,  68,  165. 

 localisation  of,  68. 

 lymphatics  of,  152, 

■  nerves  of,  152—154. 

 origin  of,  67,  158 — 159. 

 pathology  of,  160. 

 •  physical  properties  of,  156  — 

157- 

 repair  of,  68,  160. 

 sensibility  of,  162, 

  '  tone  of,  157. 

 —  vessels  of,  151. 

—    vis  insita  of,  162. 

Muscular  System,  141 — 165. 
Muscular  tissue,  63 — 68, 
 involuntary,  organic,  or 

smooth,  see  Muscles, 

smooth. 

—  animal,  striated,  or  volun- 
tary, see  MuscLEs,striped. 
Musculi  papilläres,  479. 
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Musculi  pectinati,  479, 

Nievi,  91,  140. 
Nail,  34,  95—103. 

 chemical  characters  of,  92,  100. 

 development  of,  102 — 103. 

 embryonic  desquamation  of,  103. 

 growth  of,  1 01. 

 investigation  of,  103. 

•  literature  of,  103. 

 lunula  of,  95. 

 matrix  of,  95 — 96. 

 regeneration  of,  loi — 102. 

 structure  of,  97 — loo. 

Nares,  cavities  of,  60  t. 
Nasal  cartilages,  602. 
 duct,  577. 

 mucous  membrane,  602 — 608. 

Nerve,  or  Nerves,  tissue  and  system  of^ 

68 — 72,  210 — 264. 
 auditory,  600. 

 .  terminations  of,  588,  592,  598 

„  —599. 

 cells,  68,  69,  216 — 218. 

 apolar,  245,  255. 

 .  , —  of  cerebellum,  228 — 229, 

 cerebral  ganglia,  230,  232. 

 hemispheres,  234,  235. 

•  connection  of  with  fibres,  69, 

214,  245. 

 development  of,  71,  257. 

 form  of,  e.g.,  216,  221. 

 functions  of,  262. 

—  of  ganglia,  on  cerebral  nerves, 

250 — 251. 

 •        spinal  nerves,  244 

— 246. 

 sympathetic,  252 — 

254. 

 —  internal  ear,  216,  599,  600, 

 ■ —  medulla  oblongata,  226. 

 olfactory  bulb,  236. 

 pigment  of,  217. 

 poles  of,  217,  245. 

 of  pons  Varolii,  227. 

 retina,  557,  564. 

 size  of,  217. 

 of  spinal  cord,  220 — 221. 

 structure  of,  216 — 217. 

 of  sympathetic,  252  -  254. 

 varieties  of,  217. 

 cerebral,  fibres  of,  250 — 251. 

 ganglia  on,  250 — 251, 

 origin  of,  227,  250. 

 .  chemical  composition  of,  71,  215. 

 development  of,  257 — 261. 

 fibres,  or  tubes,  68 — 69,  211 — 216, 

 axis  cylinder  of,  213,  215. 

 of  cerebellum,  227. 

 cerebrum,  230 — 236. 

 chemical  properties  of,  215. 

 connection  of  with  cells,  69, 

216,  245 — 246. 
 '  development  of,  257 — 261, 


Nerve      es,  embryonic,  258,  370-  371. 

    fine,  214,  246,  254. 

 functions  of,  262 — 263. 

 ganglionic  of  spinal  nerves, 

243—244. 

 sympathetic,  251. 

 gelatinous,  254 — 255. 

 investigation  of,  214 — 215,263. 

 medulla  of,  212, 

 —  medullated,  212 — 213. 

  ■  of  medulla  oblongata,  226. 

 —  nerve  trunks,  247,  249. 

 non-meduUated,  214,  216,  248, 

256. 

 ■  of  organs,  see  tliose  organs. 

 —  Kemak,  254 — 255. 

 sheath  of,  212,  214. 

 -~  sizes,  various  of,  214,  246. 

_  of  spinal  cord,  219—224. 

 1\-iq\y  further  course, 

224 — 225. 

 of  sympat];e:ic,  252 — 257. 

 ■  gelatinous,254 — 255. 

 _  of  tissues,  see  those  tissues. 

 varicosities  of,  213. 

 of  ganglionic  system,  251 — 257. 

See  Sympathetic. 

 gustatory,  250,  276,  278. 

 literature  of,  71,  263 — 264. 

 olfactory,  bulb  and  tract  of,  236, 

607. 

 terminations  of,  607. 

 optic,  commissure  of,  236 — 237. 

 deep  origin  of,  236. 

- —  ■  terminations  of,  557 — 560. 

 "  tract  of,  236. 

  of  organs,  see  those  organs. 

— origin  of  cerebral,  227, 250. 

 spinal,  243. 

  Pacinian  bodies  on,  247 — 248. 

  pathology  of,  261.  ' 

  peripheric  terminations  of  cerebral, 

250, 

249.  ^'^ 

 sysnpathetic, 

256-257. 

  regeneration  of,  261. 

  slieath  of,  249, 

  sjfinal,  fibres  of,  247—249. 

  .  ,  ganglia  on,  243 — 246. 

 .  ganglionic  fibres  of,  243 — 244, 

 ■    origin  of,  243. 

 •    roots  of,  222 — 223,  243 — 244, 

  sympathetic,  fibres  of,  252 — 257. 

   ■  ganglia  on,  252,  255. 

 ganglionic  fibres  of,  251, 

 ■   ■  junction  with  cerebro- 
spinal, 2 52 — 254,  257. 

 peripheral  distribution  of, 

254 — 256. 

  tactile  corpuscles,  81 — 82,  267. 

 —  their  function,  84 — 

85,86. 
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Nerve,  terminations  of,  in  organs  and 
tissues,  see  those  organs  and 
tissues. 

  trunks  of,  249. 

  tubes,  211.    See  Nerve-fibres. 

  vessels  of,  249. 

Nervous  centres,  70.    See  Cerebrum,  etc. 

Nervous  substance,  grey,  70. 

 white  or  medullary,  70. 

 .   •  see  Cerebrum,  etc.,  Nerve- 
cells,  and  Nerve- fibres. 

Nervous  System,  210 — 264.  See  Nerve. 

 central,  210,  218 — 243. 

.  ■  .  cerebro-spinal,  218 — 251. 

    ganglionic,  251 — 257. 

    investigation  of,  263. 

 literature  of,  263 — 264. 

 peripheric,  210,  243 — 257. 

 .—  of  sympathetic,  251 — 257. 

Nervous  tissue,  in  general,  68 — 71.  See 
Nerve. 

—  chemical  composition  of,  71. 

 development  of,  71. 

 elements  of,  68 — 70. 

    functions  of,  71. 

    literature  of,  71. 

— ■  localisation  of,  71. 

Neurilemma,  70, 249. 
Nipple,  471 — 472. 

  areola  of,  471 — 472. 

  erection  of,  77,  86. 

Nose,  601 — 608. 

 •  bones  of,  166,  602. 

  cartilages  of,  602. 

  cavities  of,  601, 

  epithelium  of,  ciliated,  602 — 603. 

 .         non-ciliated,  604. 

  glands  of  mucous  membrane,  605 

—606. 

— —  investigation  of,  608. 

  literature  of,  608. 

 ■  mucous  membrane  of,  olfactory, 

602,  603 — 606. 

 Schneiderian, 

602 — 603. 

  olfactory  cells  of,  605. 

 nerve  in, 607 — 608. 

  skin  of,  602. 

  vessels  and  nerves  of,  606. 

Nuclear  fibres,  44.,  50. 
Nuclei  of  cells,  12,  14. 

 •    their  chem.  comp.,  14. 

 .  form  and  size,  13 — 14. 

„ —  .    growth,  21. 

  multiplication,  20. 

    structure,  14. 

 ■  free  elementary,  1 1 . 

Nucleoli,  12,  14 — 15. 
Nucleu.s  dentatus  of  cerebellum,  227 — 
228. 

(Esophagus,  314 — 315. 

 glands  of,  315. 

 —  literature  of,  315. 

S 


(Esophagus,  mucous  membrane  of,  315. 

 muscular  structure  of,  314. 

Olfactory  bulb,  607. 
 cells,  605. 

  mucous  membrane,  602,  603 — • 

606. 

  nerve,  607 — 608. 

 •  organ,  601 — 608« 

  tract,  236,  607. 

Olivary  bodies,  226. 

Optic  chiasma,  or  commissure,  236 — 237. 
■ — -  nerve,  deep  origin  of,  236. 

 terminations  of,  557 — 560. 

  th  al  am  i .  2  3  2 — 2  3  3 . 

— —  tract,  236, 
Oral  cavity,  265 — 269. 

 epithelium  of,  267 — 269. 

 glands  of,  279 — 287. 

 mucous  membrane  of,  265 — 

267. 

 secretions  of,  82,  85,  87. 

 —  vessels  and  nerves  of,  266 — 

267. 

Orbitalis  muscle,  578. 
Organ  of  Giraldes,  441. 
Organ  of  Hearing,  584—601. 

 development  of,  600. 

 investigation  of,  600 — 

601. 

 ,   literature  of,  601. 

  Smell,  601—608. 

  investigation  and  literature 

of,  608. 

  Vision,  537—584- 

 .    development  of,  578. 

 investigation  of,  581 — 583. 

 .  — literature  of,  583 — 584. 

Organon  adamantines,  304 — 306,  610. 
Organs  in  general,  31 — 32. 

  central  of  nervous  system,  70, 

218 — 243. 

  of  circulation,  477 — 537. 

  compound,  enumeration  of,  32. 

  definition  of,  31. 

  of  deglutition,  312 — 315. 

 digestion,  265 — 375. 

 respiration,  375 — 402. 

— —         special  senses,  537—584—601 

—608. 

  sexual,  female,  450 — 476. 

 male,  427 — 450. 

  simple,  enumeration  of,  31. 

  tactile  (?),  85. 

  urinary,  403 — 426, 

OssEOüs  System,  165 — 210. 

  tissue,  60,    See  Bone* 

Ossicula  auditus,  185,  586. 
Ossification  of  bone,  188 — 205. 

 the  bones,  205. 

 cartilage,  adult,  178,209. 

 in  cartilage,  embryonic,  188 — 

196. 

 of  cerebral  membranes,  243. 

 in  membrane,  202 — 205. 

S 
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Ossification  in  subperiosteal  blastema,  197 
— 202. 

 of  Teeth,  301 — 303. 

Osteo-dentine,  294. 

Ostia  of  Fallopian  tube,  457,  460. 

Otoconia,  or  otoliths,  588. 

Ova  of  ascaris,  their  development,  18. 

Ovary,  450 — 457. 

 appendage  to,  453. 

  corpora  lutea  in,  454 — 456. 

 development  of,  446,  467. 

  follicles  of,  451. 

    their  dehiscence,  454. 

 ■      development,  467 — 

468. 

 ■  reproduction,  456 — 

457. 

  investigation  of,  469. 

  literature  of,  469 — 470. 

  periodic  changes  in,  454 — 455. 

  stroma  of,  450, 

  vessels  and  nerves  of,  453. 

Ovi-capsule,  451. 
Ovisac,  451, 
Ovula  Nabothi,  459. 
Ovum,  or  Ovulum,  452. 

  detachment  of,  454. 

  formation  of  in  foetus,  468. 

•         investigation  of,  469. 

•         literature  of,  469 — 470. 

  penetration  by  spermatozoa,  448, 

  structure  of,  452 — 453. 

Pacchioni,  glands  of,  243. 
Pacinian  bodies,  247 — 249. 

■  ■   ■  literature  of,  249. 

■  ■    nerve  ending  in,  248, 

■  ■    situation  of,  248,  249. 

 structure  of,  248. 

 vessels  of,  249 — 250. 

Palate,  glands  of,  279, 

■  ■  mucous  membrane  of,  266,  267. 

Palpehr^,  574 — 576. 
Pancreas,  357 — 358. 

  develoi)ment  of,  358. 

  duct  of,  357 — 358. 

 •  investigation  of,  358. 

■   literature  of,  358. 

Panniculus  adiposns,  57,  74 — 75. 
Papillcs  of  conjunctiva,  576. 

  cutis,  75—77- 

 nerves  of,  80—  82. 

  glans  penis,  444. 

■   hairs,  104,  iii — 112. 

■   kidney,  403,  405,  414. 

■   mamma  and  nipple,  472. 

  mouth,  267. 

 —  mucous  membranes,  e.g.,  267. 

 •  oesophagus,  315. 

  tactile  corpuscles  in,  81. 

  of  teeth,  301. 

■  tongue,  275 — 278,  610, 

 circumvallute,  276. 


Papillce  of  tongue,  filiform,  or  conical, 

275,277. 

 functions  of,  278. 

 fungiform,  276. 

 investigation  of,  287 — • 

288. 

  urethra  of  male,  443. 

  vagina,  465. 

Parasites,  140,  161. 
rarotid  gland,  286—288. 

 ■    duct  of,  286 — 287. 

    literature  of,  288. 

 secretion  of,  287. 

Parovarium,  453. 

  cilia  in,  453. 

  development  of,  453,  467. 

Pathological  Histology,  works  on,  6, 
Pathology  of  organs,  etc.,  see  those  organs. 
Peduncles  of  cerebellum,  229,  232. 

 ■  cerebrum,  232,233. 

Pelvis  of  kidney,  414. 
Penecilli  of  splenic  vessels,  368. 
Penis,  442 — 446. 

  corpora  cavernosa  of,  442. 

  corpus  cavernosum,  or  spongiosum 

urethras,  442 — 443. 

  development  of,  447. 

  erection  of,  448. 

  fascia  of,  444. 

  glands  of,  444. 

  helicine  arteries  of,  445,  446, 

  literature  of,  449 — 450. 

  nerves  of,  445. 

 •  vessels  of,  444 — 445. 

Pepsin,  formation  of,  321. 
Peptic  cells,  320 — 322. 

  glands,  319 — 321. 

Pericardium,  477. 
Perilymph  of  internal  ear,  587. 
Perimysium,  64,  67, 144 — 145, 
Periosteum,  176. 

  of  tooth,  see  Cuticle  of  tooth. 

Periosteal  blastema,  ossification  in,  197 — 
202. 

Peritoneum,  315 — 316. 

  vessels  and  nerves  of,  316. 

Petit,  canal  of,  570. 

Payer's  glands,  72,  332 — 334. 

 affinities  of,  335. 

 lymphatics  of,  334,  335. 

 vessels  in,  333. 

Pharynx,  312 — 314. 

  glands  of,  follicular,  313. 

 mucous,  313. 

  mucous  membrane  of,  313. 

  muscles  of,  312. 

  vessels  and  nerves  of,  313 — 314. 

Pia  mater  of  brain,  239 — 241. 

 cord,  239 — 241, 

 lymphatics  in,  240. 

 nerves  of,  241. 

 vessels  of,  240. 

Pigment  cells,  in  blood,  525. 
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Pigment  of  choroid,  545 — 548. 

  epidermis,  88,  90, 

 .    development  of,  94. 

  formation  of  from  blood,  366. 

  of  lungs,  387. 

  nerve-cells,  217. 

Pineal  gland,  233. 
Pinna,  585. 
Pituitary  body,  233. 

 membrane,  see  Schneiderian  mem- 
brane. 
Placenta,  463 — 464, 

 veins  of,  497. 

Plasma  of  blood,  517. 

  chyle  and  lymph,  514. 

Plasm-cells  and  tubes,  52, 
Pleurae,  381—382. 

  papilliform  pi'ocesses  of,  382. 

  vessels  and  nerves  of,  381. 

Plexuses  choroid,  239. 

  of  nerves,  spinal,  247, 

 sympathetic,  255. 

Plica  semilunaris,  576. 
Poles  of  nerve-cells,  217,  245. 
Pons  Varolii,  226,  227. 
Portal  vessels,  350 — 351. 
Preformative  membrane,  303,  305 — 308. 
Pregnancy,  blood  in,  521. 

  changes  of  mammae  in,  474 — 

475- 

 ovary  in,  454 — 456. 

 uterus  in,  461 — 464. 

Prepuce  of  clitoris,  465. 

  penis,  444. 

  secretion  of,  93,  135,  138,  444. 

Primitive  band  of  nerve-fibre,  68. 
Prostate  gland,  439 — 440. 

 •  .         gland- vesicles  of,  440. 

 investigation  of,  449. 

 literature  of,  449 — 450. 

 muscular  part  of,  439. 

Prostatic  part  of  the  urethra,  443. 
Pudenda,  465 — 467. 
Pulp  of  spleen,  364 — 367. 

  tooth,  288,  299 — 303. 

Pulmonary  vesicles,  382 — 383,  386, 

  vein,  blood  of,  523. 

  vessels,  387 — 390. 

Pupil,  membrane  of,  in  foetus,  579. 

  muscles  of,  548. 

Purkinje,  vesicle  of,  453. 
Pylorus,  316. 

Pyramids  of  kidney,  of  Perrein,  405. 

 Malpighi,  403, 

 their  origin,  41 7. 

  medulla  oblongata,  226, 

Quadrigeminal  bodies,  232. 

Racemose  glands,  40. 

  e.g..,  mucous  and  salivary,  279 — 

282. 

Rachitic  bones,  191 — 194,  208 — 209, 
Rectum,  mucous  coat  of,  336 — 337. 


Pectum,  muscular  coat  of.  315,  317. 
Regeneration  of  bone,  208. 

 ■  of  cartilage,  209. 

 e)ndcrniis,  92,  93. 

  hair,  119,  122. 

 muscles,  68,  160. 

  nail,  loi — 102. 

  nerve,  261. 

  skin,  93. 

Reichert's  crystals,  527. 
Restiform  bodies,  226. 
Rete  testis,  428. 
Reticular  cartilage,  49. 
Retina,  552 — 565. 

  cones  of,  555 — 556. 

  granules  of,  556,  561 — 562, 

  Jacob's  membrane  of,  553 — 556. 

■         layers  of,  552. 

  limitary  membrane  of,  560. 

  Miiller's  fibres  in,  561 — 564. 

  nerve-cells  of,  557. 

 fibres  of,  557 — 560. 

  radiating  fibre-system  of,  561 — 564. 

  rods  of,  553—555- 

  vessels  of,  497,  564 — 565. 

  yellow  spot  of,  559,  560. 

Retinee,  commissure  (?)  of,  237. 

Retinacula  tendinum,  150. 

Rigor  mortis,  157 — 158. 

Rivini,  glands  of,  286. 

Rods  of  retina,  553 — 555. 

Roots  of  nerves,  cerebral,  250. 

 spinal,  222 — 223,243 — 244. 

Sac  lacrymal,  577. 

Saccules  of  internal  ear,  587. 

 nerves  of,  588. 

 otoliths  of,  588. 

Saliva,  287. 

Salivary  corpuscles,  287. 

  glands,  286 — 287. 

 development  of,  338. 

 ducts  of,  286—287. 

 literature  of,  288. 

 secretion  of,  287. 

Santorini,  cartilage  of,  376. 
Sarcolemma,  66,  142,  155. 
Sarcous  elements,  143 — 144,  609. 
Scala  media  of  cochlea,  589,  597. 
Scalse  tympani  and  vestibuli,  589. 
Scapus  of  hair,  104. 
Schlemm,  canal  of,  551. 
Schneiderian  membrane,  602 — 606. 

 proper,  602 — 603. 

Sclerotic,  537 — 538, 

 mucous  membrane  of,  576 — 577. 

 vessels  of,  538. 

Scrotum,  436. 

 contraction  of,  86. 

 glands  of,  136, 140, 141,437. 

 muscular  fibres  of,  77,  86,  436. 

 vessels  of,  437. 

Sebaceous  cysts,  140. 
 glands,  135 — 141. 
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Sebaceous  glands,  development  of,  138  — 
140. 

 investigation  of,  141. 

 literature  of,  141. 

 of  nipple  and  areola,  472, 

 of  the  nose,  135,  136,  602. 

 regeneration  of,  140. 

 structure  of,  137  — 138. 

 varieties  of,  136 — i^j. 

 vessels  of,  138, 

Secretory  processes,  24 — 25. 

Semen,  430 — 434. 

 cessation  of,  435 — 436. 

 chemistry  of,  433 — 434. 

 ejaculation  of,  448 — 449. 

 emitted,  433. 

 liquor  of,  433. 

 literature  of,  449 — 450. 

 spermatozoa  of,  431 — 432. 

  their  motion,  434,  447. 

 stains  of,  433. 

 of  vas  deferens,  433. 

Semicircular  canals  of  ear,  587. 

 nerves  of,  588. 

Seminal  animalcules,  431 — 432, 447. 

  duct,  429. 

  tubules,  428 — 430. 

 vesicles,  438. 

Seminiferous  tubules,  428 — ^430. 
Sersation  in  skin,  84 — 86. 

 •  of  cold  and  heat,  84 — 85. 

 tactile,  81,  84 — 35. 

Sense  of  taste,  278. 

 touch,  84 — 86, 

Senses,  organs  of  special,  537 — 584 — 601 
—608. 

Septa  Bertini  of  kidney,  403, 405. 

■         of  lobules  of  liver,  342. 

Septum  of  heart,  479. 

 tongue,  269. 

Serous  membranes  in  general,  57;  see 

Pleura,  etc. 
Serum  of  blood,  517. 
Sesamoid  bones,  150,  185. 

 cartilages,  150. 

Sexual  organs,  female,  450 — 476. 

 development  of,  447, 467 

—468. 

 literature  of,  469 — 470, 

476. 

 male,  427 — 450. 

■  development  of,446 — 447. 

 literature  of,  449 — 450. 

Sheaths  of  muscles,  145,  148 — 149, 

 synovial,  149. 

 of  tendons,  149. 

Shedding  of  epidermis,  92,  94, 

 of  hair,  118 — 120. 

—  kidney-epithelium,  419. 

Sinuses  of  dura  mater,  497. 

Sinus  venosi,  so-called,  of  spleen,  360, 

368,  371—373. 
Skin,  74 — 141. 
 colour  of,  88,  90. 


Skin,  abnormal  colour  of,  91. 

 corium  of,  74 — 86, 

 •  its  contractility,  85 — 86. 

■  its  development,  02—83. 

 muscular  fibres  in,  77 — 78. 

 its  nerves,  80 — 82. 

■  ■  papilla?,  75 — 76,  79 — 82. 

■  sensibility,  84 — 86. 

 ■  structure,  76 — 78. 

 tactile  corpuscles,  81 — 82, 

84—86, 

 ■  vessels,  79 — 80. 

 cuticle  of,  see  —  epidermis  of. 

 cutis  vera  of,  see  —  corium  of. 

 epidermis  of,  34,  74,  86 — 95.  See 

Epidermis, 

 of  external  ear,  74,  132,  585. 

  eyelids,  74,  574. 

■  glands  of,  ceruniinous,  132 — 134, 

 sebaceous,  135 — 141.  See 

Sebaceous  glands. 

 ;  sudoriparous,  124 — 132. 

 hairs  of,  104—124,    See  Hair, 

 investigation  of,  94 — 95. 

 literature  of,  95, 

 of  mammte,  77,  472, 

 muscles  attached  to,  145, 

 nails  of,  95— 103.    See  Nail. 

 of  nose,  602, 

 papilla)  of,  75 — 76,  79 — 82. 

 pigment  of,  88,  90, 

 reproduction  of,  92,  93. 

 of  scrotum  and  penis,  136,  140, 

437. 

 sweat-ducts  of,  87,  128—129. 

 vessels  of,  79 — 80. 

Smegma  embrjonum,  94. 

 preputii,  93,  138. 

Smell,  organ  of,  601 — 608, 
Solitary  follicles  or  glands,  72. 

 of  intestines;  of  large,  336. 

 of  small,  334, 

Special  Histology,  74 — 608. 
Sperm-cells,  430 — 432. 

•  cysts,  430 — 432, 

Spermatic  animalcules  or  filaments,  431 

—436, 
Spermatin,  433. 
Spermatozoa,  430 — 432. 

 chemical  characters  of,  433 — 434, 

•  development  of,  432, 

 function  of,  447 — 448. 

 movements  of,  434 — 435. 

'  effects  of  re-agents  on,  435, 

■  in  old  age,  436. 

 structure  of,  431. 

Sphincter  muscles  of  anus,  317. 

 pupillae,  548. 

Spinal  cokd,  218 — 226. 

 canal  in,  219 — 220,  222. 

 columns  of,  218. 

 commissures  of,  219 — 220. 

 cornua  of,  219. 

 fibres  of,  221 — 223. 
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Spinal  cord,  fibres  of,  their  further  course, 
224 — 226. 

 filum  terminale  of,  224.  238. 

 fissures  of,  218. 

 grey  substance  of,  218 — 219. 

 its  nerve-cells,  220 

— 221. 

 its  nerve-tubes,  221 

—223. 

 gelatinous  substance  of,  219, 

223. 

 .  lig.  denticulatum  of,  237. 

 membranes  of,  237 — 238. 

 nerves  of,  243 — 250.  See  infra. 

 nerve-cells  of,  220 — 22], 

•  nerve-fibres  of,  221 — 223. 

 their  further  course, 

224 — 225. 

 structure  of,  in  general,  218. 

 vessels  of,  241. 

Spinal  marrow,  see  Spinal  cord. 

~  nerves,  243 — 250. 

 fibres  of,  247 — 249. 

 ganglia  on,  243 — 246. 

 ganglionic  fibres  of,  243 — 244. 

 origin  of,  243. 

 Pacinian  bodies  on,  247 — 248. 

 peripheric  terminations  of,  247 

—249. 

 roots  of,  220, 222 — 223, 243. 

 of  anterior,  222. 

 of  posterior,  223. 

Spleen,  72,  358—374. 

 blood  of,  523. 

 capillaries  of,  369,  372 — 373. 

 changes  of  blood-corpuscles  in,  365 

—366,  374. 

 circulation  in,  371 — 373. 

 coats  of,  359. 

 contractility  of,  372. 

 corpuscles  of,  360 — 363. 

 their  analogies,  362 — 363. 

 connections  with  lym- 
phatics, 363,  372. 

 contents,  362. 

 in  lower  animals,  363. 

 their  vessels,  362. 

 development  of,  373 — 374. 

 envelopes  of,  359. 

 function  of,  374. 

 Hlasek's  views  on,  372. 

 investigation  of,  374. 

 literature  of,  374 — 375. 

 in  lower  animals,  363,  371. 

 lymphatics  of,  363,  370,  371 — 372. 

 muscular  fibres  of,  359,  360,  364, 

367. 

■  nerves  of,  370 — 371. 

 parenchyma  or  pulp  of,  364 — 367. 

 blood  in,  364,  365 — 366. 

 its  colour,  365. 

 its  cells,  364. 

 relation  to  vessels,  371 — 

373- 


Spleen,  sinus  venosi,  so-called,  of,  368, 

371—373- 

 trabeculce  of,  359 — 360. 

— —  vessels  of,  367 — 369,  371 — 373. 

 their  connection  with  pulp, 

369,  371—373- 

 their  epithelium,  369. 

Spongy  bodies  of  penis,  442 — 443. 

 tissue  of  bone,  165,  170. 

 portion  of  urethra,  443. 

Stellulai  Verheynii,  411. 

Stenonian  duct,  see  Parotid,  duct  of. 

Stomach,  315 — 324. 

~  alveolar  appearance  of,  319. 

 capillaries  of,  323. 

 development  of,  337 — 338. 

 "  etat  mammelonne  "  of,  319. 

 epithelium  of,  323. 

 follicles  of,  323. 

 glands  of,  319 — 321,  323 

 .  follicular,  323. 

 mucous,  321. 

 peptic,  simple,  319 — 320. 

 compound,  320 — 321. 

 investigation  of,  338 — 339. 

 literature  of,  339. 

 lymphatics  of,  324. 

 mucous  coat  of,  319 — 324. 

 its  proper  tissue,  322. 

 muscular  coat  of,  316. 

 nerves  of,  324. 

 peritoneal  coat  of,  315 — 316. 

 secretions  of,  321. 

.  tubuli  of,  319 — 321. 

 vessels  of,  323 — 324. 

Subarachnoid  space  of  brain,  239. 

 cord,  238. 

Subcutaneous  bursas  mucosae,  77. 

 connective  tissue,  74 — 75. 

Sublingual  gland,  286. 
Submaxillary  gland,  286. 
Submucous  tissue,  57. 

 of  oral  cavity,  266. 

Subserous  tissue,  e.g.,  of  peritoneum,  316. 
Sudoriferous  ducts,  87,  128—129. 
Sudoi-iparous  glands,  124 — 132. 

 of  axilla,  125,  127 — 128. 

 development  of,  129 — 131, 

338. 

 ducts  of,  87,  128 — 129. 

 inA^estigation  of,  1 32. 

 literature  of,  132. 

 pathology  of,  131. 

 seci-etion  of,  127. 

 structure  of,  125 — 127. 

 A-essels  of,  125. 

Suprarenal  capsules,  72,  421 — 426. 

 cortex  of,  421 — ^422. 

 development  of,  425. 

 functions  of,  425 — 426. 

 investigation  of,  426. 

 literature  of,  426. 

i  medulla  of,  421,  423. 

I  nerves  of,  424—425, 
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Tela  chorioidea,  239. 
Tendons,  56,  145 — 146. 

 chemistry  of,  157. 

 connection  with  bones,  etc.,  148. 

 muscles,  smooth,  65,  78. 

 striped,  145,  I47' 

 ligaments  of  149. 

 nerves  of,  154. 

 retinacula  of,  149,  150. 

 sheaths  of,  149. 

 vessels  of,  151 — 152, 

Tensor  chorioidea,  547. 

 tarsi,  577. 

Tentorium,  258. 

  vessels  and  nerves  of,  240. 

Testicle,  427 — 437-^ 

  coni  vasculosi  of,  428. 

  coverings  of,  427,  436. 

  descent  of,  446. 

  development  of,  446 — 447. 

  ducts  of,  428,  438 — 439. 

  epidid}TQis  of,  429, 430. 

  gubernaculum  of,  446 — 447. 

  investigation  of.  449. 

  literature  of,  449 — 450- 

  lobules  of,  428. 

  mediastinum  of,  427. 

  nerves  of,  437. 

  reteof,428. 

  septa  of,  427,  437. 

  tubules  of,  428 — 432. 

 their  contents, 430 — 432. 

structure,  429 — 430. 
tunics  of,  427,436. 
vas  aberrans  of,  428. 

 deferens  of,  438,441. 

vasa  effcrentia  of,  428. 
vessels  of,  437. 


Thyroid,  investigation  of,  395. 

  literature  of,  395. 

  pathology  of,  393—395- 

  vessels  and  nerves  of,  394. 

Tissues  of  special  parts,  see  those  parts. 
Tissues  in  general,  31 — 73. 

  adipose,  59. 

  areolar,  55 — 60. 

  cartilage,  46 — 50. 

  connective,  53 — 60. 

  dentinal,  62. 

  elastic,  50 — 53. 

  of  enamel,  36. 

 ■  epidei-mic,  33 — 37. 

 ■  glandular,  37 — 40. 

  of  lens,  37. 

  mucous,  46. 

  muscular,  63 — 68. 

 smooth,  64 — 66. 

 striped,  66 — 68. 

  nervous,  68 — 71. 

osseous,  6c — 62. 
of  vascular  glands.  72 — 73. 
vitreous  body,  46. 


Texture-,  see  Tissut- 3. 
Thalami  optici,  232 — 233. 
Theca  folliculi,  451. 

  of  spinal  cord,  237. 

Thoracic  duct,  503. 

 contents  of,  514 — 517. 

Thymus  gland,  395 — 402. 

  affinities  of,  402. 

 •  canal  of,  396,  399. 

  concentric  bodies  of,  400. 

  development  of,  4cc — 402. 

  disappearance  of,  402. 

  fluid  of,  399. 

  gland-granules  of,  396 — 399. 

   their  vessels,  398. 

  investigation  of,  402. 

 literature  of,  402. 

  lobes  or  lobules  of,  395 — 399. 

  nerves  of,  399. 

  reservoirs,  so-called,  of,  397. 

  vessels  of.  398,  399. 

Thykoid  gland,  392 — 395. 

  colloid  degeneration  of,  393 — 394- 

  development  of,  394. 

  gland- vesicles  of,  392 — 393. 

  in  goitre,  394—395- 


Tissues  of  cells,  33 — 40. 

  classification  of,  31. 

 ■  of  connective  substance,  40 — 62. 

  definition  of,  31. 

  muscular,  63 — 68. 

  parenchymatous  of  vascular 

glands,  72 — 73. 
To>-GrE,  269 — 278. 

  fibro-cartilage  of,  269. 

  fungi  on.  278. 

  glands  of,  foUicular,  282 — 283. 

 mucous,  279 — 280. 

  lymphatics  of,  277. 

  mucous  membrane  of,  274 — 287. 

  muscles  of,  269 — 273. 

  fibres  of,  their  course,  274. 

 division,  274. 

  nerves  of,  277,  278. 

  papillte  of,  275 — 278,  609 — 610. 

 ■  their  functions,  278. 

 nerves,  277. 

 tactile  corpuscles, 

81,276. 

 vessels,  276. 

  pathology  of,  277 — 278. 

  vessels  of,  276. 

Tone  of  nmscles,  157. 
Tonsils,  282,284— 285. 

  affinities  of,  286. 

  pathology  of,  285. 

  secretion  of,  285— 


286. 


Trabeculoe  of  corpora  cavernosa,  442. 

  spleen,  larger,  356 — 360. 

.  smaller,  364. 

Trachea,  '^7g — 381. 

  cartilages  of.  380. 

 .  glands  of,  380 — 381. 

  lymphatics  of,  381,  502. 

  mucous  membrane  of,  380. 

  muscular  fibres  of,  380. 
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Trachea,  vessels  and  nerves  of,  381. 
Tract  olfactory,  236. 

 optic,  236 — 237. 

Trichina  spiralis,  161, 
Trichomonas  vaginalis,  469. 
Trochlea  of  sup.  obi.  m.  of  eye,  577, 
Tuba  Eustachi i,  586. 

  Fallopii,  457. 

Tubei'cula  quadrigemina,  232. 
Tubules  of  dentine,  290. 

  nerve,  211 — 213. 

 •  medullated,  213. 

 non-medullated,  214. 

Tubular  glands  of  intestine,  330 — 331, 
33Ö. 

 stomach,  319 — 321. 

■   uterus,  458. 

Tubuli  seminiferi,  428 — 432. 

 their  contents,  430 — 432. 

 structure,  429 — 430, 

  uriniferi,  404 — 407. 

■  •  contorti,  405, 407. 

■  recti,  404,  407. 

Tunica  adnata  testi?,  427,  436. 

 ■  albuginea  of  ovary,  450. 

 ■   testis,  427. 

  vaginalis,  436, 

 its  development,  447. 

Tunics  of  blood-vessels,  58,  482—483,  e# 
seq. 

  of  eye,  537. 

 fibrous,  537 — 545. 

 nervous,  552 — 565. 

 vascular,  545 — 552. 

•   vascular,  so-called,  58. 

Tympanum,  586 — 587. 

  bones  of,  185,586. 

  epithelium  of,  585. 

•  •  membrane  of,  585 — 586. 

  secondary,  587. 

  scala  of,  589. 

Ureter,  414, 
Urethra,  female,  416. 
■  male,  443. 

 corpus  spongiosum  of,  442 

—443. 

 •    glands  of,  443 — 444,  446. 

 ■    lacunas  of,  444,  446. 

■  muscle  of,  443. 

■  nerves  of,  445, 

 vessels  of,  445. 

Urinary  bladder,     ^ — 416. 

■  glaads  of,  415 — 416. 

 mucous  membrane  of,  415, 

 vessels  and  nerves  of,  415. 

■   organs,  403.    See  Kidney,  etc. 

— '         tubules,  404 — 407. 

Urine,  418 — 419. 

  abnormal,  419. 

•         deposits  in,  418,419. 

  secretion  of,  417 — 418. 

Uterus,  457 — 464. 
■   cervix  of,  459. 


Uterus,  changes  at  menstruation,  460— 
461. 

    pregnancy,  461 — 464. 

  coat  of,  mucous,  458 — 459 

 ■    muscular,  457 — 458. 

 ■  serous,  457. 

  development  of,  467. 

■  •  glands  of;  of  body,  458. 

—   cervix,  459. 

 ■  investigation  of,  469. 

  ligaments  of,  460. 

  literature  of,  469 — 470. 

  masculinus,  44,0. 

 ■    its  origin,  447. 

 ■  mucous  membrane  of  body,  458. 

 cervix,  459. 

  muscular  structure  of,  457 — 458, 

 ■  nerves  of,  460. 

 ■  peritoneal  coat  of,  457. 

  pregnant,  glands  of,  463. 

 ■   mucous  coat  of,  462. 

 •  muscular  coat  of,  461 — 

462. 

~    •  nerves  of,  463 — 464, 

 ■    serous  coat  of,  463. 

■  ■  veins  of,  497. 

 vessels  of  463. 

  reduction  after  parturition,  464. 

 ■  secretions  of,  469. 

  vessels  of,  459 — 460. 

Uvea,  545,  549. 

Uv  ula  of  throat,  glands  of,  279. 
  vesicas,  415. 

Vagina,  464 — 465. 

  development  of,  447, 467. 

 ■  investigation  of,  469. 

  literature  of,  469 — 470. 

  mucous  membrane  of,  465. 

 •  muscular  coat  of,  464. 

 ■  secretions  of,  469, 

  vessels  and  nerves  of,  466. 

Valve  of  Bauhin,  317,  325,  336. 

'         ileo-colic,  317,  325,  336. 

  mitral,  480,481. 

  tricuspid,  480, 481, 

Valves  of  heart,  480,  481. 

■ — ■   Kerkring,  317,  325. 

  lymphatics,  504. 

  semilunar,  of  heart,  480^  481. 

 of  veins,  498. 

Valvulie  conniventes,  317,  325. 

Varicosity  of  nerve  fibre,  213. 

Vas  aberrans  of  epididymis,  429, 447. 

 deferens,  438. 

 contractility  of,  448. 

   development  of,  446. 

  semen  of,  433. 

 ■  vessels  and  nerves  of,  438. 

Vasa  aberrantia  of  bile-ducts,  349 — 
350. 

  efferentia  of  lymphatic  glands,  509 

   '  of  testis,  428. 
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Vasa  inferentia  of  lymphatic  glands,  508 
—509- 

  plasmatica  or  serosa,  207,  529. 

  vasorum,  484 — 485. 

•         vorticosa,  550,  551. 

Vascular  glands,  in  general,  72 — 73. 

  .  literature  of,  73. 

 tissue  of,  72. 

Vascular  System,  477 — 537. 
Vascular  tunics,  so-called,  58. 
Vaso-dentine,  294,  307. 
Veins,  492 — 498.    Of  organs  and  tissues, 
see  those  parts. 

  of  brain,  497. 

  Breschet  in  bones,  185,  497. 

  development  of,  527 — 528. 

  epithelium  of,  493. 

 of  splenic,  369. 

  investigation  of,  535. 

  literature  of,  536^ — 537. 

  nerves  of,  485. 

  of  placenta,  497, 

  pregnant  uterus,  463, 497. 

■         structure  of,  largest,  495 — 497. 

 middle-sized,  493 — 495 

 smallest,  493. 

  transition  to  capillaries,  500 — 501. 

  valves  of,  498. 

  vessels  of, 484 — 485. 

Velum  interpositum,  see  Tela  chorioidea. 
Vena  cava,  structure  of,  495 — 496. 

  portte,  350 — 351. 

Ventricles  of  brain,  their  fluid,  242. 

 •  lining,  239,  240. 

 heart,  their  fibres,  479,482. 

Vernix  caseosa,  94. 
Vesicles,  elementary,  10 — 11. 

  of  glands,  37 — 38,  e.g.,  280. 

  Graafian,  45 1. 

 development  of,  467 — 468. 

  seminal,  438 — 439. 

Vesicula  germinativa,  453. 

  prostatica,  440. 

 its  origin,  44.7 

Vesiculte  seminales,  438 — 439. 

 their  contents,  439. 

■  contractilit\',  448. 

 development,  447. 

 function,  439. 

Vessels,  see  Arteries,  Lymphatics,  etc. 

  of  organs  and  tissues,  see  those 

parts. 


Vestibule  of  ear,  587. 

 membranes  of,  587. 

•  nerves  of,  588,600. 

■  otoliths  of,  588. 

 saccules  of,  587. 

 scala  of,  589. 

  of  vulva,  its  bulbs,  466. 

Vibrio  in  milk,  476. 
Vibrissa,  602 

Villi  of  intestine,  325 — 329. 

•  absorption  by,  329. 

 contractility  of,  327. 

 epithelium  of,  328. 

■  lymphatics  in,  326,  329, 

502. 

 vessels  of,  326. 

  of  stomach,  319,  322, 

Virchow's  bone-cells,  172 — 176. 
Vitellus  of  ovum,  452 — 453. 
Vitreous  body,  569 — 572. 

 development  of,  578. 

 investigation  of,  571,  574- 

 membrane  of,  569. 

 structure  of,  570 — 572. 

 tissue  of,  46,  572. 

 vessels  of,  in  foetus,  571. 

Vocal  cords,  376,  377.    See  lig.  thyreo- 

aryt.  infer. 
Voluntary  muscles,  see  Muscles,  striped. 
Vulva,  465 — 467. 

  glands  of,  465 — 466. 

  secretions  of,  469. 

  vessels  and  nerves  of,  466 — 467. 

Wagner,  spot  of,  453. 

White  substance  of  Schwann,  212. 

  .   development  ol,  258. 

Wirsung,  duct  of,  358. 
Wolffian  body,  remains  of,  in  female,  447, 
453- 

,  in  male,  441, 446 — 447. 

Womb,  see  Utei*us. 
Wrisberg,  cartilage  of,  376. 

Yellow  cartilage,  49. 

  ligaments,  53,  177. 

  spot  of  retina,  559,  560. 

Zona  denticulata  of  cochlea,  590 — 596. 

  pectinata  of  cochlea,  590,  596. 

  pellucida  of  ovum,  452. 

Zonula  of  Zinn,  569 — 570,  572 — 574. 
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between  a  Constitutional  Lawyer  and  a 
Country  Gentleman  about  to  enter  Public 
Life.  By  George  Atkinson,  B.A.  Oxon. 
Serjeant-at-Law.    Post  8vo.  5s. 

On  Representative  Government. 

By  John  Stuart  Mill.  'J  bird  Edition 
8vo.  9s.  crown  8vo.  2s. 

On  Liberty.  By  the  same  Author.  Third, 
Edition.  Post  8vo.  7s.  Qd.  crown  8vo. 
Is.  4rf, 

Principles  of  Political  Economy.  By  the 
same.  Sixth  Edition.  2  vols.  8vo.  30s.  or 
in  1  vol.  crown  8vo.  5s. 

•A  System  of  Logic,  Batiocinative  and 
Inductive.  By  the  same.  Fifth  Edition. 
2  vols.  8vo.  25s. 

Utilitarianism.  By  the  same.  2d  Edit.  8vo.5s. 

Dissertations  and  Discussions.  By  the 
same  Author.    2  vols.  8vo.  24s. 

:Examination  of  Sir  W.  Hamilton's 
Philosophy,  and  of  the  Principal  Philoso- 
phical Questions  discussed  in  his  Writing?. 
By  the  same  Author.    8vo.  14s. 

Ijord  Bacon's  Works,  collected 
and  edited  byPv.  L.  Ellis,  M.A.  J.  Spkdding, 
M.A.  and  D.  D.  Heath.  Vols.  L  to  V. 
Philosophical  Worhs,  5  vols.  8vo.  £4  Gs. 
Vols.  VL  and  VJL  Literan/  and  Profes- 
sional Works,  2  vols.  £1  ICs. 

Bacon's  Essays,  with  Annotations. 

By  K.  Whatkly,  D.D.  late  Archbishop  of 
Dublin.    Sixth  Edition.    8vo.  10s.  Cd. 

^Elements  of  Logic.  By  K.  Whately, 

D.D.  late  Archbishop  of  Dublin.  Xiuth 
Edition.    8vo.  10s.  GJ.  crown  8vo.  4s.  Cd. 
Elements  of   Ehetoric.     By  the  same 
Author.     Seventh  Edition.    8vo.  10s.  M. 
croAvn  8vo.  4s.  (jd. 

^English  Synonymes.  Edited  by  Arch- 
bishop Whately.   5th  Edition.   Fcp.  3s. 


Miscellaneous  Remains  from  the 

Common-place  Book  of  Richard  Wiiatelv, 
D.p.  late  Archbishop  of  Dublin.  Edited  by 
Miss  E.  J.  Whately.   Post  8vo.  7s.  Grf. 

Essays  on  the  Administrations  of 

Great  Britain  from  1783  to  1830.  By  the 
Right  Hon.  Sir  G.  C.  Lewls,  Bart.  Edited 
by  the  Right  Hon.  Sir  E.  Head,  Bart.  8vo. 
with  Portrait,  15s. 


A  Dialogue  on  the 
Government,  As.  Gd. 


same  Author. 

Best  Form 


of 


Essay  on  the  Origin  and  Formation  of 
the  Romance  Languages,  7s.  Gd. 

Historical  Survey  of  the  Astronomy  of 
the  Ancients,  15s. 

Inquiry  into  the  Credibility  of  the 
Early  Roman  History,  2  vols.  30s. 


On  the  Methods  of  Observation 
Reasoning  in  Politics,  2  vols.  28s. 


and 


Irish  Distiu'bances 
Question,  12s. 


and  Irish  Church 


Remarks  on  the  Use 
some  Political  Terms,  9s. 


and  Abuse  of 


On  Foreign  Jurisdiction  and  Extradi- 
tion of  Criminals,  2s.  Gd. 

The  Fables  of  Babrius,  Greek  Text 
with  Latin  Xotes,  Part  L  os.  Gd.  Part  IL 
3s.  Gd. 

Suggestions  for  the  Application  of  the 
Egyptological  Method  to  iVIodern  History,  Is. 

An   Outline   of  the  ]?fecessary 

Laws  of  Thought ;  a  Treatise  on  Pure  and 
Applied  Logic.  By  the  Most  Rev.  W. 
Tho.msox,  D.d.  Archbishop  of  York.  Crown 
8V0.5.9  Cd. 


NEW  WORKS  PUBiJSiiED 


The  Elements  of  Logic.  By  Thomas 
Sjiedden,  U.a.  of  St.  Peter's  Coll.  Cantab. 
12 mo.  4s.  ijd. 

Analysis  of  Mr.  Mill's  System  of 

Logic.    By  \V.  Stebbing,  M.A.  Fellow  of 
Worcester  College,  Oxford.    12ino.  3s.  Gd, 

The  Election  of  Representatives,  j 

Purliamentarj'  and  Municipal ;  a  Treatise.  | 
By  Thomas  Hake,  Barrister-at-Law.  Third  i 
Edition,  with  Additions.    Crown  8vo.  Gs. 

Speeches  of  the  Right  Hon.  Lord 

Maoaulay,  corrected  b}-  Himself.  8vo.  12s. 

! 

Lord  Macanlay's   Speeches  on  i 

Parliamentary  Reform  in  1831  and  1832. 
ICmo.  Is. 

A  Dictionary  of   the    English  | 

Language.    By  R.  G.  Latham,  M.A.  M.D.  [ 

P.R.S.  Founded  on  the  Dictionary  of  Dr.  S.  ! 

Johnson,  as  edited  by  the  Rev.  H.  J.  Todd,  ! 

with  numerous  Emendations  and  Additions,  j 

Publishing  in  36  Parts,  price  3s.  6d.  each,  ! 

to  form  2  vols.  Ito.  | 

Thesaurus  of  English  Words  and 

Phrases,  classified  and  arranged  so  as  to 
facilitate  the  Expression  of  Ideas,  and  assist 
in  Literary  Composition.  By  P.  M.  Roget, 
M.D.    14th  Edition,  crown  8vo.  10s.  Gd. 

Lectures  on  the  Science  of  Lan-  ! 

guage,  delivered  at  the  Royal  Institution. 
By  Max  Müi^ler,  M.A.  Taylorian  Professor 
in  the  University  (f  Oxford.  First  Series,  , 
Fourth  Edition,  12s.    Second  Series,  18s.  j 

The  Debater  ;  a  Scries  of  Complete  ! 

Debates,  Outlines  of  Debates,  and  Questions  | 
for  Discussion.    By  F.  Rowton.    Fcp.  6s.  | 

A  Course  of  English  Reading, 

adapted  to  every  taste  and  capacity ;  or, 
How  and  What  to  Read.    By  the  Rev.  J.  j 
Pvcroi  t,  B.A.    Fourth  Edition,  fcp.  5s.  | 

Manual  of  English  Literature, 

Historical  and  Critical:  with  a  Chapter  on 
English  Metres.  By  Thomas  Arnold,  B.A. 
Post  8vo.  10s.  Gd. 

Southey's  Doctor,  complete  in  One 

Volume.  Edited  by  the  Rev.  J.W.  Wärter, 
B.D.    Square  crown  8vo.  12s.  6d.  ! 
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Historical  and  Critical  Commen- 
tary on  tiie  Old  Testament;  with  a  New 
Translation.  By  M.  KAi.iscir,  Pli.  D. 
Vol.  I.  Genesis,  8vo.  18s.  or  adapted  for  the 
General  Reader,  12s.  Voe.  II.  Exodus,  lös. 
or  adapted  for  the  (ieneral  Reader,  12s. 

A  Hebrew  Grammar,  with.  Exercises. 
By  the  same.  Part  1.  Outlines  with  Exer- 
cises, 8vo.  12s.  Gd.  Key,  5s.  Part  II.  Ex- 
ceptional Forms  and  Constructions,  l'2s.  Gd, 

A  Latin-English  Dictionary.  By 

J.  T.  White,  M.A.  of  Corpus  Cliristi  Col- 
lege, and  J.  E.  Riddle,  M.A.  of  St.  Edmund 
Hall,  Oxford.  Imp.  8vo.  pp.  2,128,  42s. 

A  Kew  Latin-English.  Dictionary, 
abridged  from  the  larger  work  of  fHiite  and 
Riddle  (as  above),  by  J.  T.  White,  M.A. 
Joint-Authur.    Medium  8vo.  pp.  1,018,  18s. 

A  Diamond  Latin-English  Dictionary, 
or  Guide  to  the  Meaning,  Quality,  and 
Accentuation  of  Latin  Classical  Words.  By 
J.  E.  Riddle,  M.A.    32mo.  2s.  Gd. 


An  English- Greek  Lexicon,  con- 
taining all  tlie  Greek  Words  used  by  Writers 
of  good  authorit}'.  By  C.  D.  Yonqe,  B.A. 
Fifth  Edition.    4to.  21s. 

Mr.  Yonge's  New  Lexicon,  En- 
glish and  Greek,  abridged  from  his  larger 
work  (as  above).   Square  12mo.  8s.  GJ. 

A  Greek-English  Lexicon.  Com- 
piled by  H.  G  LiDDELL,  D.D.  Dean  of 
Christ  Church,  and  R.  Scott,  D.D.  Master 
of  Balliol.  Fifth  Edition,  crown  4to.  31s.  Gd. 

A    Lexicon,     Greek    and  English, 

abridged  fromLiDDELL  and  Scott's  Greek- 
English  Lexicon.  Eleventh  Edition,  square 
12mo.  7s.  Cd. 

A  Practical  Dictionary  of  the 

French  and  English  Languages.  By  L. 
CoNTANSEAU.  8th  Edition,  post  8vo.  10s.  0^/. 

Contanseau's  Pocket  Dictionary, 
French  and  English,  .abridged  fron\  the 
above  by  the  Author.  New  Edition.  18mo.  5s. 

New  Practical  Dictionary  of  the 

German  Language ;  German-English,  and 
English-German.  By  the  Rev.  W.  L. 
Bl.vckley,  M.A.,  and  Dr.  Carl  Marti.v 
Friedlander.    Post  8vo.   [/«  the  press. 
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NEW  WORKS  PUBLISHED  by  LONGMANS 


Miscellaneous  Works  and  Pojmlar  Metaphysu 


Kecreations  of  a  Country  Parson: 

being  a  Selection  of  the  Contributions  of 
A.  K.  H.  B.  to  Fraser's  Magazine.  Second 
Sekiks.    Crown  8vo,  3^.  O  j. 

The  Commonplace  PiiilosopTier  in 
Town  and  Country.  By  the  same  Author. 
Crown  8vo.  3s  Qd. 

Leisure  Hours  in  Town ;  Essays  Consola- 
tory, ^srhetical,  Moral.  Social,  and  Do- 
mestic.   By  the  same.    Crown  8vo.  3ä.  6rf. 

The  Autumn  Holidays  of  a  Country 
Parson  :  Essavs  contributed  to  Fräser^ s  Mag- 
azine and  to  Good  IFords,  by  the  same. 
Crown  8vo.  3s.  M. 

The  Graver  Thoughts  of  a  Country 
Parson,  Second  Sehies.  By  the  same. 
Crown  8vo.  Ss.  Qd. 

Critical  Essays  of  a  Country  Parson, 
selected  from  Essays  contributed  to  Fraser's 
3Iaffazine,  by  the  same.    Post  8vo.  95. 

A  Campaigner  at  Home.   By  Shir- 

T.EY,  Author  of  'Thalatta'  and  'Nugse 
Criticaä.'    Post  8vo.  with  Vignette,  7s.  el 

Friends  in  Couneil:   a  Series  of 

Readings  and  Discourses  thereon.  2  vols 
fcp.  9s. 

Friends  in  CouncH,  Second  Series. 
2  voJs.  post  8vo.  14s. 

Essays  written  in  the  Intervals  of 
Business.    Fcp.  2s.  Gd. 

Lord  Maeaulay's  Miscellaneous 

Writings. 

Library  Editiox,  2  vols.  8vo.  Portrait,  21s. 
People's  Edition,  1  vol.  crown  8vo.  4s.  Gd. 

The  Rev.  Sydney  Smith's  Mis- 
cellaneous Works;  including  his  Contribu- 
tions to  the  Edinhurgh  Review. 

Library  Edition,  3  vols.  8vo.  36s. 

Traveller's  Edition,  in  1  vol.  21s. 

In  Pocket  Volumes,  3  vols.  fcp.  21s. 

People's  Kditio.n,  2  vols,  crown  8vo.  Ss. 
Elementary  Sketches  of  Moral  Philo- 
sophy, delivered  at  tiie  Royal  Institution. 
By  the  same  Author.    Fcp.  Vs. 

The  Wit  and  Wisdom  of  the  Rev. 
Sydney  Smith:  a  Selection  of  the  most 
memor.ibie  Passages  in  his  Writings  and 
Conversation.    16ino.  7s.  Gd. 


The  History  of  the  Supernatural 

m  All  Ages  and  Nations,  and  in  Ail 
Churches,  Christian  and  Pagan;  demon- 
strating a  Universal  Faith.  By  William 
Howitt.    2  vols,  post  8vo.  18s. 

The  Superstitions  of  Witchcraft. 
By  Howard  Williams,  M.A.  St.  John's 
Coll.  Camb.    Post  8vo.  7s.  Gd. 

Chapters  on  Mental  Physiology. 

By  Sir  Henry  Holland,  Bart.  M.D.  F.K.S. 
Second  Edition.    Post  8vo.  8s,  Gd. 

Essays  selected  from  Contribu- 
tions to  the  Edinburgh  Review.  By  Henry 
Rogers.    Second  Edition.    3  vols.  fcp.  21s. 

The  Eclipse  of  Faith;  or,  a  Visit  to  a 
Religious  Sceptic.  By  the  same  Author. 
Tenth  Edition.    Fcp.  5s. 

Defence  of  the  Eclipse  of  Paith,  by  its 
Author  ;  a  Rejoinder  to  Dr.  NeAvman'a 
Reply.    Third  Edition.   Fcp.  3s.  Gd. 

Selections  from  the  Correspondence 
of  R.  £.  H.  Greyson.  By  the  same  Author. 
Third  Edition.    Crown  8vo.  7s.  Gd. 

Fulleriana,  or  the  Wisdom  and  Wit  of 
Thomas  FuLLER,with  Essay  on  his  Life  and 
Genius.   By  the  same  Author.   16mo.  2s.  Gd. 

The  Secret  of  Hegel:  being  the 

Hegelian  System  in  Origin,  Principle,  Form, 
and  Matter.  By  James  Hutchison  Stir- 
ling.   2  vols,  8vo.  28s. 

An  Introduction  to  Mental  Phi- 
losophy, on  the  Inductive  Method.  By 
J.  D.  MoRELL,  M.A.  LL.D.    8vo.  12s. 

Elements  of  Psychology,  containing  the 
Analysis  of  the  Intellectual  Powers.  By 
the  same  Author.    Post  8vo.  7s.  Gd. 

Sight  and  Touch:  an  Attempt  to 

Disprove  the  Received  (or  Berkeleian) 
Theory  of  Vision.  By  Thomas  K.  Abbott, 
M.A.  Fellow  and  Tutor  of  Trin.  Coll.  Dublin. 
8vo.  with  21  Woodcuts,  5s.  Gd. 

The   Senses  and  the  InteUeet. 

By  Alexander  Bain,  M.A.  Prof,  of  Logic 
in  the  Univ.  of  Aberdeen.  Second  Edition. 
8vo.  lös. 

The  Emotions  and  the  Will,  bj  the 
same  Author ;  completing  a  Systematic 
Exposition  of  the  Human  Mind.    8vo.  15s. 

On  the  Study  of  Character,  including 
an  Estimate  of  Phrenology.  By  the  same 
Author.    8vo,  9s. 


NEW  WOKKS  PUBLISHED  BY  LONGMANS  and  CO. 


Time  and  Space:  a  Metaphysical 
Essay.  By  Shadworth  H.  Hodgson. 
8vo.  pp.  Ö88,  price  16s. 

Hours  with  the  Mystics :  a  Contri- 

butioQ  to  the  History  of  Religious  Opinion. 
By  Robert  Alfred  Vaijghan,  B.A.  Se- 
cond Edition.    2  vols,  crown  b'vo.  I2s. 

Psychological  Inquiries.    By  the 

late  Sir  Benj.  C.  Brodie,  Bart,  2  vols,  or 
Series,  fcp.  5s.  each. 


The  Philosophy  of  Necessity;  or, 

Natural  Law  as  applicable  to  Menial,  Moral, 
and  Social  Science.  By  Charles  Bray. 
Second  Edition.    8vo.  9s. 

The  Education  of  the  Feelings  and 
AfFei'tions.  By  the  same  Author.  Third 
Edition.    8vo.  3s.  Gd. 

Christianity  and  Common  Sense. 

by  Sir  WiLi.ouGHBY  JoNi-.s,  Bart.  M.A. 
Trin.  Coll.  Cantab.    8yo.  6s. 


Astronomy,  Meteorology,  Popular  Geography,  <^'c. 


Outlines  of  Astronomy.    By  Sir 

J.  F.  VV.  Herschel,  Bart,  M.A.  Seventh 
Edition,  revised ;  with  Plates  and  Woodcuts. 
8vo.  18s. 

Arago's    Popular  Astronomy. 

Translated  by  Admiral  W.  H.  Smyth, 
F.R.S.  and  R.  Grant,  M.A.  With  25  Plates 
and  358  Woodcuts.    2  vols.  8vo.  £2  5s. 

Arago's  Meteorological  Essays,  with 
Introduction  by  Baron  Humboldt.  Trans- 
lated under  the  superintendence  of  Major- 
General  E.  Sabine,  R.A.    8vo.  18s. 

Saturn  and  its  System.  By  Kich- 

ARD  A.  Proctor,  B.A.  late  Scholar  of  St. 
John's  Coll.  Camb.  and  King's  Coil.  London. 
8vo.  with  14  Plates,  14s. 

The  Weather-Book ;  a  Manual  of 

Practical  Meteorology.  By  Rear-Admiral 
Robert  Fitz  Roy,  R.N.  F.R.S.  Third 
Edition,  with  16  Diagrams.    8vo.  15s. 

Saxby's  Weather  System,  or  Lunar 

Influence  on  Weather.  By  S.  M.  Saxby, 
R..N.  Instructor  of  Naval  Engineers.  Second 
Edition.    Post  8vo.  4s. 

Dove's  Law  of  Storms  considered 

in  connexion  with  the  ordinary  Movements 
of  the  Atmosphere.  Translated  by  R.  H. 
Scott,  M.A.  T.C.D.    8vo.  10s.  6c?.  ' 

Celestial   Objects  for  Common 

Telescopes.  By  T.  W.  Webb,  M.A.  F.R.A.S. 
With  Rlap  of  the'  Moon,  and  Woodcuts. 
16  mo.  7s. 

Physical  Geography  for  Schools 

and  General  Readers.  By  M.  F.  Maury, 
LL.D.    Fcp.  with  2  Charts,  2s.  6rf. 


A  Dictionary,  Geographical,  Sta- 

ti.stic:al,an(l  Historical,  of  the  various  Coun- 
tries, IMaces,  and  principal  Natural  01)iects 
in  the  World.  By  J.  R.  M'Culloch.  With 
6  Maps.    2  vols.  8vo.  63s. 

A  General  Dictionary  of  Geo- 
graphy, Descriptive,  Physical,  Statistical, 
and  Historical  ;  forming  a  complete 
Gazetteer  of  the  World.  By  A.  Keith 
Johnston,  F.R.S.E.  8vo.  31s.  Qd, 

A  Manual  of  Geography,  Physical, 

lu'instrial,  and  Political.  By  V\'.  HuGHKS, 
F  R.(i.S.  Prof,  of  Ge'oi;.  in  King's  Coll.  and  in 
Queen's  Coll.  Lond.  With  H  Maps.  Fcp. 7s,  6c/. 

The  Geography  of  British.  History  ;  a 
Geograpliical  Description  of  the  British 
Isl  aids  at  Successive  Periods.  By  the  same. 
With  6  Maps.    Fcp.  8s.  6d 

Abridged  Text-Book  of  British  G-eo- 
grapliy.    By  the  same.    Fcp.  Is.  6rf. 

The  British  Empire  ;  a  Sketch  of 

the  Geography,  Growth,  Natural  and  Poli- 
tical Features  of  the  Uin'tcd  Kingdom,  its 
Colonies  nd  Dt-pendencics,  Bv  Caroline 
Bray.    With  5  Maps.    Fcp.  7s.  6c?. 

Colonisation  and  Colonies  :  a  Scries 

of  l  ecture's  delivered  before  the  University 
of  Oxford.  By  Herman  Mefuvale,  M.A. 
Prüf,  of  Polit.  Econ.    8vo.  18s. 

Maunder's  Treasury  of  Geogra- 

phv,  Physical,  Historiciil,  Descriptive,  and 
Poliiical.  lulited  by  W.  Hughks,  F  R.G.S. 
With  7  Maps  and  J  6  Plates.    Fcp.  10s. 
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Natural  History  and  Popular  Science. 


The  Elements  of    Physics  or 

Naturnl  Philosophy.  By  Nkil  Aunott, 
M.D.  F.E.S.  Physician  Extraordinary  to 
the  Queen.  Sixth  Edition.  Paut  I.  8vo. 
10s. 

Heat  Considered  as  a  Mode  of 

Motion.  By  Professor  John  Tyndai.l,, 
F.R.S.  LL.D.  Second  Edition.  Crown  8vo. 
with  Woodcuts,  12s.  Gd. 

Volcanos,  the  Character  of  their 
Phenomena,  their  Share  in  the  Structure 
and  Composition  of  the  Surface  of  the  Globe, 
&c.  By  G.  PouLETT  ScROPK,  M.P.  F.R.S. 
Second  Edition.  8vo.  with  Illustrations,  15s. 

A   Treatise  on  Electricity,  in 

Theory  and  Practice.  By  A.  Dji  la  Riye, 
Prof,  in  the  Academy  of  Geneva.  Trans- 
lated by  C.  V.  Walker,  F.K.S.  3  vols. 
8vo.  Avith  Woodcuts,  £3  13s. 

The    Correlation    of  Physical 

Forces.  By  W.  R.  Grove,  Q.C.  V.P.R  S. 
Fourth  Edition.    8vo.  7s.  6f/. 

The   Geological    Magazine ;  or, 

Monthl}^  Journal  of  Geology.  Edited  by 
Henry  Woodward,  F.G.S.  F.Z.S.  British 
Museum  ;  assisted  by  Professor  J.  Morris, 
F.G.S.  and  R.  Etiieridge,  F.R.S.E.  F.G  S. 
8vo.  price  Is.  monthly, 

A  Guide  to  Geology.  By  J.  Phillips, 

M.A.  Prof,  of  Geol.  in  the  Univ.  of  Oxford. 
Fifth  Edition ;  with  Plates  and  Diagrams. 
Fcp.  4s. 

A  Glossary  of  Mineralogy.  By 

H.  W.  Bristol,  F.G.S.  of  the  Geological 
Survey  of  Great  Britain.  With  486  Figures. 
Crown  8vo.  12s. 

Phillips's  Elementary  Introduc- 
tion to  Mineralogy,  with  exfensive  Altera- 
tions and  Additions,  hy  H.  J.  Brooke, 
F.R.S.  and  W.  II.  INIiller,  F.G.S.  Post 
8vo.  Avith  Woodcuts,  18s. 

Van  Der  Hoeven's  Handbook  of 

Zoology.  Translated  from  the  Second 
Dutch  Edition  by  the  Rev.  W.  Clark, 
M.D.  F.R.S.  2  vols.  8vo.  with  24  Plates  of 
Figures,  GOs. 


The  Comparative  Anatomy  and 

Pliysiology  of  the  Vertebrate  Animals.  By 
Richard  Owex,  F.R.S.  D.C.L.  2  vols. 
8vo.  with  upwards  of  1,200  Woodcuts. 

[/«  tfie  ])i-ess. 

Homes  without  Hands :  an  Account 

of  the  Habitations  constructed  by  various 
Animals,  classed  according  to  their  Princi- 
ples of  Construction.  By  Rev.  J.  G.  Wood, 
M.A.  F.L.S.  Illustrations  on  Wood  by  G. 
Pearson,  from  Drawings  bv  F.  W.  Keyl 
and  E.  A.  Smith.    In  20  Parts,  Is.  each. 

Manual  of  Corals  and  Sea  Jellies. 

By  J.  R.  Greene,  B.A.  Edited  bv  the 
Rev.  J,  A.  Galuraith,  M.\.  and  the'  Rev. 
S.  Haughto-X,  M.D.  Fcp.  with  39  Wood- 
cuts, OS. 

Manual  of  Sponges  and  An:inalcul8e  ; 
with  a  General  Introduction  on  the  Princi- 
ples of  Zoology.  By  the  same  Author  and 
Editors.  Fcp.  with  IG  Woodcuts,  2s. 

Manual  of  the  Metalloids.  By  J.  Apjohn, 
M.D.  F.R.S.  and  the  same  Editors.  Fcp. 
with  38  Woodcuts,  7s.  6d. 

The  Sea  and  its  Living  "Wonders, 

By  Dr.  G.  Hartwig.  Second  (English) 
Edition.  8vo.  with  many  Illustrations,  18s. 

The  Tropical  World.   By  the  same 

Author.  With  8  Chromoxylographs  and 
172  Woodcuts.    8vo.  21s. 

Sketches  of  the  Natural  History 

of  Ceylon.  By  Sir  J.  Emerson  Tennent, 
K.C.S.  LL.D.  With  82  Wood  Engravings. 
Post  8vo.  12s.  6d. 

Ceylon.  By  the  snme  Author.  5th  Edition; 
with  Maps,  &c.  and  90  Wood  Engravings. 
2  vols.  8vo.  £2  10s. 

A  Familiar   History  of  Birds. 

By  E.  Stanley,  D.D.  F.R.S.  late  Lord 
Bislfop  of  Norwich.  Seventh  Edition,  with 
Woodcuts.    Fcp.  3s.  6d. 

Marvels  and  Mysteries  of  In- 
stinct ;  or.  Curiosities  of  Animal  Life.  By 
G.  Garratt.  Third  Edition.  Fcp.  7s. 

Home  Walks  and  Holiday  Ram- 
bles. By  the  Rev.  C.  A.  Johns,  B.A.  F.L.S. 
Fcp.  with  10  Illustrations,  Gs. 


NEW  WORKS  PUBLISHED  BY  LONGMANS  akd  CO. 
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Kirby  and  Spence's  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Insects.  Seventh  Edition.  Crown 
8vo.  5s. 

Maunder's  Treasury  of  Natural 

History,  or  Popular  Dictionary'  of  Zoology. 
Revised  and  corrected  by  T.  S.  Cobbold, 
M.D.    Fcp.  with  900  Woodcuts,  10s. 

Tho  Treasury  of  Botany,  on  the 

Plan  of  M  lunder's  Treasury.  By  J.  Lind- 
LEY,  M.D.  and  T.  Moore,  F.L.S.  assisted 
by  other  Practical  Botanists.  With  IG 
Plates,  and  many  Woodcuts  from  designs 
by  W.  H.  Fitch.  Fcp.         [^In  the  press. 

The  Rose  Amateur's  Guide.  By 

Thomas  Rivers.  8th  Edition.  Fcp.  4s. 

The  British  Flora  ;  comprising  the 

Phasnogamous  or  Flowering  Plants  and  the 
i   Ferns.    By  Sir  W.  J.  Hooker,  K.H.  and 
G.  A.   WalivER-Arnott,   LL.D.  12mo. 
-with  12  Plates,  Ms.  or  coloured,  21s. 

Bryologia  Britannica ;  containing 

the  Mosses  of  Great  Britain  and  Ireland, 
arranged  and  described.  By  W.  Wir^ON. 
8vo.  with  61  Plates,  42s.  or  coloured,  £4  4s. 

The  Indoor :  Gardener.   By  Miss 

Maling.    Fcp.  with  Frontispiece,  5s. 


Loudon's  Encyclopaedia  of  Plants ; 

comprising  the  Specilic  Character,  Descrip- 
tion. Culture,  History,  &c.  of  all  tlie  Plants 
found  in  Great  Britain.  With  upwards  of 
12,000  Woodcuts.    8vo.  £3  13s.  6d. 

Loudon's  Encyclopaedia  of  Trees  and 
Shrubs;  containing  the  Hardy  Trees  and 
Shrubs  of  Great  Britain  scientilically  and 
popularly  described.  With  2,000  Woodcuts. 
Svo.  50s. 

Maunder's  Scientific  and  Lite- 
rary Treasury' ;  a  Popular  Encycloptedia  of 
Science,  Literature,  and  Art.    Fcp.  lOs^ 

A  Dictionary  of  Science,  Litera- 
ture, and  Art.  Fourth  Edition.  Edited  by 
T.  Brande,  D.C.L.  and  George  W. 
Cox,  M.A.,  assisted  by  gentlemen  of  emi- 
neut  Scientific  and  Literary  Acquirements. 
In  12  Parts,  each  containing  240  pages, 
price  OS.  forming  3  vols,  medium  8vo.  price 
21s,  each. 

Essays  on  Scientific  and  other 

subjects,  contributed  to  Reviews.  By  Sir  H. 
Holland,  Bart.  M.D.  Second  Edition. 
8vo.  14s. 

Essays  from  the  Edinburgh  and 

Quarterly  Reviews  ;  -witli  Addresses  and 
other  Pieces.  By  Sir  J.  F.  W.  Heksckel, 
Bart.  M.A.    Svo.  18s. 


Chemistry,  Medicine,  Surge 
A  Dictionary  of  Chemistry  and 

the  Allied  Branches  of  other  Sciences.  By 
Henry  Watts,  F.C.S.  assisted  by  eminent 
Contributors.  5  vols,  medium  8vo.  in 
course  of  publication  in  Parts.  Vol.  I. 
3s.  6d.  Vol.  II.  26s.  and  Vol.  III.  31s.  6d. 
are  now  read3'. 

Handbook  of  Chemical  Analysis, 

adapted  to  the  Unitary  System  of  Notation : 
By  F.  T.  CoNiNGTON,  M.A.  F.C.S.  Post 
•8vo.  7s.  6d.  —  Tables  of  Qualitative 
Analysis  adapted  to  the  same,  2i'.  Gd. 

A  Handbook    of  Volumetrical 

Analysis.  By  Robert  H.  Scott,  M.A. 
T.C.D.       Post  8vo.  4s.  6d 

Elements  of  Chemistry,  Theore- 
tical and  Practical.  By  William  A. 
Miller,  M.D.  LL.D.  F.R.S.  F.G.S.  Pro- 

fessor  of  Chemistry,  King's  College,  London. 
3  vols.  8vo.  £2  13s.  Part  I.  Chemical 
Physics,  Third  Edition,  12s.  Part  II. 
Inorganic  Chemistry,  21s.  Part  III. 
Organic  Chemistry,  Second  Edition,  20s. 


/,  and  the  Allied  Sciences. 

A  Manual  of  Chemistry,  De- 
scriptive and  Theoretical.  By  William 
Odling,  M.B.  F.R.S.  Lecturer  on  Che- 
raistrv  at  St.  Bartholomew's  Hospital.  Part 
I.  8vö.  9s. 

A  Course  of  Practical  Chemistry,  for  the 
use  of  Medical  Students.  By  the  same 
Author.  Second  Edition,  with  70  new 
Woodcuts.    Crown  8vo.  7s.  6c?. 

The  Diagnosis  and  Treatment  of 

the  Diseases  of  Women;  including  the 
Diagnosis  of  Pregnancy.  By  Graily 
Hewitt,  M.D.  Physician  to  the  British 
Lying-in  Hospital.    8vo.  16s. 

Lectures  on  the  Diseases  of  In- 
fancy and  Childhood.  By  Charles  West, 
M.D.  &c.  5th  Edition,  revised  and  enlarged. 
8vo.  16s. 

Exposition  of   the    Signs  and 

Symptoms  of  Pregnancy :  with  other  Papers 
on  subjects  connected  Avith  Midwifery.  By 
W.  F.  Montgomery,  M.A.  M.D.  M.R.I.A, 
Svo.  viih  Illustrations,  2ös. 
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A  System  of  Surgery,  Theoretical 

and  Praotical,  in  Treatises  by  Various 
Authors.  Edited  by  T.  Holmes,  M.A. 
Cantab.  Assistant-Surgeon  to  St.  George's 
Hospital.    4  vols.  8vo.  £i  13s. 

Vol.  I.  General  Patliology,  2ls. 

Vol.  II.  LocpJ  Injuries :  Gun-sliot  Woixnds, 
Injuries  of  the  Head,  Back,  Face,  Neck, 
Chest,  Abdomen,  Pelvis,  of  the  Upper  and 
Lower  Extremities,  and  Diseases  of  the 
Eye.  21s. 

VoL  III.  Operative  Surgery-  Diseases 
of  the  Organs  of  Circulation,  Locomotion, 
&c.  2ls. 

Vol.  IV.  Diseases  of  the  Organs  of 
Digestion,  of  the  Genito-Urinary  System, 
and  of  the  Breast,  Thyroid  Gland,  and  Skin  ; 
^vith  ArrENDix  and  Gemki'.al  Index.  30s. 

Lectures  on  the  Principles  and 

Practice  of  Physic.  By  Thomas  Watson, 
M.D.  Physician- Extraordinary  to  the 
Queen.    Fourth  Edition.    2  vols.  8vo.  ols. 

Lectures  on  Surgical  Pathology. 

By  J.  Paget,  F.R.S.  Surgeon-Extraordinary 
to"  the  Queen.  Edi ted  by  W.  Tuunek,  M.  B . 
8vo.  with  117  Woodcuts,  21s. 

A  Treatise  on  the  Continued 

Fevers  of  Great  Britain.  By  C.  M  u  rchison, 
xJ.D.  Senior  Physician  to  the  London  Fever 
Hospital.    8vo,  with  coloured  Plates,  18s. 

Anatomy,  Descriptive  and  Sur- 
gical. By  Henry  Gray,  F.R.S.  With 
410  Wood  Engraviiigs  from  Dissections, 
Third  Edition,  byT.  Holmes,  M.A.Cantab. 
Royal  8vo.  28s.  ' 

The  Cyclopedia  of  Anatomy  and 

Physiology.  Edited  by  the  late  R.  B.  Todr, 
M.b.  F.R.S.  Assisted  by  nearly  all  the 
most  eminent  cultivators  of  Physiological 
Science  of  the  present  age.  5  vols.  8vo. 
with  2,853  Woodcuts,  £6  6s. 


j  Physiological  Anatomy  and  Phy- 

;  siology  of  Man.    By  the  late  li.  B.  Todd, 

j  M.D.  F.R.S.  and  W.  Bowman,  F.R.S.  of 

I  King's  College.    With  numerous  Illustra- 

j  tions.    Vol.  II.  8vo.  25s. 

I 

j  A  Dictionary  of  Practical  Medi- 

I  cine.     By    J.    Copland,    M.D.  F.R.S. 

j  Abridged  from  the  larger  work  by  the 

I  Author,  assisted  by  J.  C.  Copland,  M. Pv.C.S. 

j  1  vol.  8vo.                              In  the  press. 

i  Dr.  Copland's  Dictionary  of  Practical 
Medicine  (the  larger  work),  3  vols.  Svo. 
£o  lis. 

\  The  Works  of  Sir  B.  C.  Brodie, 

I  Bart,  collected  and  arranged  by  Charles 
j  Hawkins,  F.R.C.S.E.  3  vols.  8vo.  with 
I      Medallion  and  Facsimile,  48s. 

I  Autobiography  of  Sir  B.  C.  Brodie, 
I  Bart,  printed  from  the  Author's  materials 
I      left  in  MS.    Fcp.  4s.  6d, 

Medical  Hotes  and  Reflections, 

:  By  Sir  II.  Holland,  Bart.  M.D.  Third 
\      Edition.   Svo.  18s.  . 

I  A  Manual  of  Materia  Medica 

i      and    Therapeutics,    abridged    from  Dr. 

Pereira's  Elements  by  F.  J.  Farre,  M.D, 
I  Cantab,  assisted  by  R.  Bentlky,  M.R.C.S. 
[  and  by  R.  Waeington,  F.CS.  1  vol. 
I       8vo.  October. 

I   Dr.  Pereira's    Elements  of  Materia 
I      Medica  and  Therapeutics,  Third  Edition,  by 
;      A.  S.  Taylor,  M.D.  and  G,  0.  Rees,  M.D. 
3  vols.  8vo.  with  Woodcuts,  £3  15s. 

Thomson's   Conspectus   of  the 

British  Pharmacopceia.  Twenty-fourth 
Edition,  corrected  and  made  conformable 
throughout  to  the  Xew  Pharmacopoeia  of 
the  General  Council  of  IMedical  Education. 
By  E.  Lloyd  Birkett,  M.D.   18mo.  5s.  Grf. 

j  Manual  of  the  Domestic  Practice 

I  of  Medicine.  By  W.  B,  Kksteven, 
I  F.R.C.S.E.  Second  Edition,  thoroughly 
I      revised,  with  Additions.    Fcp.  5s. 


TJie  Fine  Arts^  and  Illustrated  Editions. 


The  If  ew  Testament,  illustrated  with 

Wood  Engravings  after  the  Early  Masters, 
cliiefiy  of  the  Italian  School.  Crown  4to. 
<i8s.  cloth,  gilt  top;  or  £5  5s.  elegantly 

hound  'n  morocco. 


Lyra  Germanica ;  Hymns  for  the 

Sundays  and  Chief  Festivals  of  the  Christian 
Year.  Translated  by  Catherine  Wink- 
worth;  125  Illustrations  on  Wood  draw© 
by  J.  Leighton,  F.-S.A.    Fcp.  4to.  2Is, 
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Cats'  and  Farlie's  Moral  Em- 
blems ;  with  Aphorisms,  Adages,  and  Pro- 
verbs of  all  Nations  :  comprising  121 
lUustrations  on  Wood  by  J.  Leigiiton, 
F.S.A.  with  an  appropriate  Text  by 
R.  PiGOT.    Imperial  8vo.  31s.  Qd. 

Bunyan's    Pilgrim's    Progress : 

with  1-2G  IlUistralions  on  Steel  and  Wood 
by  C.  Bknnett  ;  and  a  Preface  by  the  Rev. 
C.  KiNCSLEY.    Fcp.  4to.  21s. 

Shakspeare's     Sentiments  and 

Similes  printed  in  Black  and  Gold  and  illu- 
minated in  the  Missal  style  by  He>jryNoel 
HuiMPiiREYS.  In  massive  covers,  containing 
the  Medallion  and  Cypher  of  Siiakspcaro. 
Square  post  8vo.  21s. 


The  History  of  Our  Lord,  as  exem- 
plified in  Works  of  Art;  with  that  of  His 
Types  in  the  Old  and  New  Testament.  By 
Mrs.  Jameson  and  Lady  Eastlake.  Being 
the  concluding  Series  of  'Sacred  and 
Legendary  Art;'  with  13  Etchings  and  281 
Woodcuts.  2  vols,  square  cro\vn  Svo.  4.2s. 

Li  the  same  Series,  hy  llxs.  Jameson. 
Legends  of  the  Saints  and  Martyrs. 
Fourth  Edition,  with  19  Etchings  and  187 
Woodcuts.    2  vols.  31s.  6rf. 

Legends  of  tlie  Monastic  Orders.  Third 
Edition,  with  11  Etchings  and  88  Woodcuts. 
1  vol.  21s. 

Legends  of  th.e  Madonna.    TUiixi  Edition, 
with  27    Etchings  and    105  Woodcuts. 
'      1vol.  21s. 


Arts,  Manufactures,  (^'c. 


Encyclopaedia  of  AreMtecture, 

Historical,  Theoretical,  and  Practical.  By 
Joseph  Gwilt.  With  more  than  1,000 
Woodcuts.    8vo.  42s. 

Tuscan  Sculptors,  their  Lives, 

Works,  and  Times.  With  45  Etchings  and 
28  Woodcuts  from  Original  Drawings  and 
Photographs.  By  Cilvri-es  C.  Pekkins 
2  vols.  imp.  8vo.  63s. 

The  Engineer's  Handbook ;  ex- 
plaining the  Principles  which  should  guide 
the  young  Engineer  in  the  Construction  of 
Machinery.  By C. S.Lowndes.  Post 8 vo. 5s. 


The 
By 


Elements  of  Mechanism, 

T.  M.  GooDEVE,  M.A.  Prof,  of  Me- 
chanics at  the  R  M.  Acad.  Woolwich. 
Second  Edition,  with  217  Woodcuts.  Post 
8vo.  6s.  6d. 


Treatise  on  Mills  and  Mill  work. 
By  W.  Fairbaien,  C.E.  F.R.S.  With  18 
Plates  and  322  Woodcuts.    2  vols.  8vo.  3-2t.-. 

Useful  Information  for  Engineers.  Hy 
the  same  Author.  Fikst  and  Second 
Series,  with  many  Plates  and  Woodcuts. 
2  vols,  crown  8vo.  10s.  6d.  each. 

The  Application  of  Cast  and  Wrought 
L-on  to  Building  Purposes.  By  the  sum.i 
Author.  Third  Edition,  with  G  Plates  and 
118  Woodcuts.    8vo.  16s. 

The  Practical  Mechanic's  Jour- 
nal :  An  Illustrated  Eecord  of  Mechanical 
and  Engineering  Science,  and  Epitome  of 
Patent  Inventions.    4to.  price  Is.  montlily. 

The    Practical  Draughtsman's 

Book  of  Industrial  Design.  By  W.  John- 
son, Assoc.  Inst.  C.E.  With  many  hundred 
Illustrations.    4to.  28s.  6c/. 


lire's  Dictionary  of  Arts,  Manu- 
factures, and  Mines.  Re-written  and  en- 
larged by  Robert  Hunt,  F.R.S.,  assisted 
by  numerous  gentlemen  eminent  in  Science 
and  the  Arts.  With  2,000  Woodcuts.  3  vols. 
8vo.  £4. 

Encyclopedia  of  Civil  Engineer- 
ing, Historical,  Theoretical,  and  Practical. 
By  E.  Cresy,  C.E.  With  above  8,000 
Woodcuts.   8vo.  42s, 


The  Patentee's  Manual :  a  Treatise 

on  the  Law  and  Practice  of  Letters  Patent 
for  the  use  of  Patentees  and  Inventors.  By 
J.  and  J.  H.  Johnson.    Post  8vo,  7s.  Cd. 

The  Artisan  Club's  Treatise  on 

the  Steam  Engine,  in  its  various  A.pp'ica- 
tions  to  Mines,  Mills,  Steam  Kavig;itiou, 
Railways,  and  Agriculture.  By  J.  Bourne, 
C.E.  Sixth  Edition;  with  37  PIate3  and 
546  Woodcuts,   4to,  42s. 
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;NEW  works  published  by  LONGMANS  and  CO. 


Catechism  of  the  Steam  Engine, 

in  its  various  Applications  to  Mines,  Mills, 
Steam  Navigation,  Railways,  and  Agricul- 
ture. By  J.  Bourne.  C.E.  With  1 99  Wood- 
cuts. Fcp.9s.  The  Introduction  of  Recent 
Improvements'  may  be  had  separately,  with 
110  Woodcuts,  price  3s.  6d. 

Handbook  of  the  Steam  Engine,  by  the 
same  Author,  forming  a  Key  to  the  Cate- 
chism of  the  Steam  Engine,  with  67  Wood- 
cuts.   Fop.  9s. 

The  Theory  of  War  lUustrated 

by  numerous  Examples  from  History.  By 
Lieut.-Col.  P.  L.  MacDougall.  Third 
Edition,  with  10  Plans.    Post  8vo.  10s.  6d. 

Collieries  and  Colliers  ;  A  Hand- 
book of  the  Law  and  leading  Cases  relating 
thereto.  By  J.  C.  Fowler,  Barrister-at- 
Law,  Stipendiarj'  Magistrate.    Fcp.  6s. 

The  Art  of  Perfumery  ;  the  History 

and  Theory  of  Odours,  and  the  Methods  of 
Extracting  the  Aromas  of  Plants.  By 
Dr.  PiESSE,  F.C.S.  Third  Edition,  with 
63  Woodcuts.    Crown  8vo.  10s.  6d. 

Chemical,  jN'atural,  and  Physical  Magic, 
for  Juveniles  during  the  Holidays.  By  the 
same  Author.  Third  Edition,  enlarged, 
with  38  Woodcuts.    Fcp.  6s. 

The  Laboratory  of  Chemical  Wonders : 
A  Scientific  Melange  for  Young  People. 
By  the  same.    Crown  8vo.  5s.  Qd. 

Talpa ;  or,  the  Chronicles  of  a  Clay 
Farm.  By  C.  W.  Hoskyns,  Esq.  With  24 
Woodcuts  from  Designs  by  G.  Cruik- 
SHANK.    16mo.  5s.  Cd. 


H.R.H.    the    Prince  Consort's 

Farms ;  an  Agricultural  Memoir.  By  John 
Chalmers  Morton.  Dedicated  by  per- 
mission to  Her  Majesty'  the  Queen.  With 
40  W^ood  Engravings.    4to.  52s.  6d. 

Loudon's  Encyelopsedia  of  Agri- 
culture: Comprising  the  Laying-out,  Im- 
provement, and  Management  of  Landed 
Property,  and  the  Cultivation  and  Economy 
of  the  Productions  of  Agriculture.  With 
1,100  Woodcuts.    8vo.  31s.  6d. 

Loudon's  Encyclopsedia  of  Gardening : 
Comprising  the  Theory  and  Practice  of 
Horticulture,  Floriculture,  Arboriculture, 
and  Landscape  Gardening.  With  J,00Ü 
Woodcuts.    8vo.  81s.  6d. 

Loudon's  Encyclopsedia  of  Cottage,  Farm, 
and  Villa  Architecture  and  Furniture.  With 
more  than  2,000  Woodcuts.    8vo.  42s. 

History  of  Windsor  Great  Park 

and  Windsor  Forest.  By  William  äIen- 
ziEs,  Resident  Deputy  Surveyor.  With  2 
Maps  and  20  Photographs.  Imp.  folio,  £8  8s. 
The  Sanitary  Management  and  Utili- 
sation of  Sewage:  comprising  Detailsofa 
Sj'stem  applicable  to  Cottages,  Dwelling- 
Houses,  Public  Buildings,  and  Towns ;  Sug- 
gestions relating  to  the  Arterial  Drainage 
of  the  Country,  and  the  Water  Supply  of 
Rivers.  B^--  the  same  Author.  Imp.  8vo. 
with  9  Illustrations,  12s.  6d. 

Bayldon's  Art  of  Valuing  Rents 

and  Tillages,  and  Claims  of  Tenants  upon 
Quitting  Farms,  both  at  Michaelmas  and 
Lady-Day.  Eighth  Edition,  revised  by 
J.  C'  Morton.    8vo.  10s.  Gd. 


Religious  and  Moral  Works. 


An  Exposition  of  the  39  Articles, 

Historical  and  Doctrinal.  By  E.  Harold 
Bp.owne,  D.d.  Lord  Bishop  of  Ely.  Sixth 
Edition,  8vo.  16s. 

The  Pentateuch  and  the  Elohistic 
Psalms,  in  Reply  to  Bishop  Colenso.  By 
the  same.    Second  Edition.    8vo.  2s. 

Examination  Questions  on  Bishop 
Browne's  Exposition  of  the  Articles.  By 
the  Rev.  J.  Gorle,  M.A.    Fcp.  3s.  Qd. 

Pive  Lectures  on  the  Character 

of  St.  Paul;  being  the  Hulsean  Lectures 
for  1862.  By  the  Rev.  J.  S.  Howson,  D.D. 
Second  Edition.    Svo,  9&. 


The  Life  and  Epistles  of  St. 

Paul.  B}'-  W.  J.  Conybkare,  M.A.  late 
Fellow  of  Trin.  Coll.  Cantab,  and  J.  S. 
Howson,  D.D.  Principal  of  Liverpool  Coll. 

Library  Edition,  with  all  the  Original 
Illustrations,  Maps,  Landscapes  on  Steel, 
Woodcuts,  &c.    2  vols.  4to.  48s. 

Intermediate  Edition,  with  a  Selection 
of  Maps,  Plates,  and  Woodcuts.  2  vols, 
square  crown  8vo.  31s.  Qd. 

People's  Edition,  revised  and  con- 
densed, -with  46  Illustrations  and  Maps. 
2  vols,  crown  8vo.  12s 


;NE\V  works  published  by  LONGMANS  and  CO. 
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The  Voyage  and  Shipwreck  of 

St.  Paul ;  with  Dissertations  on  the  Ships 
and  Navigation  of  the  Ancients.  By  Jamks 
Smith,  F.R.S.    Crown  8vo.  Charts,  8s.  6rf. 

A  Critical  and  Grammatical  Com- 
mentary on  St.  Paul's  Epistles.  By  C.  J. 
Ellicott,  D.d.  Lord  Bishop  of  Gloucester 
and  Bristol.  8vo. 

Galatians,  Third  Edition,  8s.  Gd. 

Ephesians,  Third  Edition,  8s.  6d. 

Pastoral  Epistles,  Third  Edition,  10s.  Gd. 

PMlippians,  Colossians,  and  Philemon, 
Third  Edition,  10s.  6d. 

Thessalonians,  Second  Edition,  7s,  ßd. 

Historical  Lectures  on  tlie  Life  of  Our 
Lord  Jesus  Christ:  being  the  Hulsean 
Lectures  for  1859.  By  the  same  Author. 
Fourth  Edition.    8vo.  10s.  6d. 

Th.e  Destiny  of  the  Creature  ;  and  other 
Sermons  preached  before  the  University  of 
Cambridge.    By  the  same.    Post  8vo.  5s. 

The  Broad  and  the  Narrow  Way;  Two 
Sermons  preached  before  the  University  of 
Cambridge.    By  the  same.    Crown  8vo.  2s. 

Bev.  T.  H.  Home's  Introduction 

to  the  Critical  Study  and  Knowledge  of  the 
Holy  Scriptures.  Eleventh  Edition,  cor- 
rected, and  extended  under  careful  Editorial 
revision.  With  4  Maps  and  22  Woodcuts 
and  Facsimiles.    4  vols.  8vo.  £3  13s.  Qd. 

Bev.  T.  H.  Home's  Compendious  In- 
troduction to  the  Study  of  tlie  Bible,  being 
an  Analysis  of  the  larger  work  by  the  same 
Author.'  Ke-edited  by  the  Rev.  John 
Ayke,  M.A.  With  Maps,  &c.  Post  8vo.  9s. 

The  Treasury  of  Bible  Know- 
ledge, on  the  plan  of  Maunder's  Treasuries. 
By  the  Rev.  Joim  Ayre,  M.A.  Fcp.  8vo. 
-^vith  Maps  and  lllustratious.  [In  the  press. 

The  Greek  Testament ;  with  Notes, 

Grammatical  and  Exegetical.  By  the  Kev. 
W.  Webster,  M.A.  and  the  Rev.  W.  F. 
Wir-KiNSON,  M.A.    2  vols.  8vo.  £2  4s. 

Vol.  L  the  Gospels  and  Acts,  20s. 

YoL.  IL  the  Epistles  and  Apocalypse,  24s. 

The  Four  Experiments  in  Church 

and  State ;  and  the  Conflicts  of  Churches. 
By  Lord  Robert  Montagu,  M.P.  8vo.  12s. 

Every-day  Scripture  Difficulties 

explained  and  illustrated;  Gospels  of  St. 
Matthew  and  St.  Mark.  By  J.  E.  Prescott, 
M.A.   8vo.  9s. 


The   Pentateuch    and   Book  of 

Joshua  Critically  Examined.  By  the  Right 
Rev.  J.  W.  CoLENSo,  D.D.  Lord  Bishop  of 
Natal.  People's  Edition,  in  1  vol.  crown 
Svo.  Cs.  or  in  5  Parts,  Is.  each. 

The   Pentateuch   and  Book  of 

Joshua  Critically  Examined.  By  Prof.  A. 
KuENEN,  of  Leyden.  Translated  from  the 
Dutch,  and  edited  with  Notes,  by  the  Right 
Rev.  J.  W.  CoLENSO,  D.D.  Bishop  of  Natal. 
Svo.  8s.  6d. 

The  Formation  of  Christendom. 

Part  I.    By  T.  W.  Aet.i^s.    8vo.  12s. 

Christendom's  Divisions  ;  a  Philo- 
sophical Sketch  of  the  Divisions  of  the 
Christian  Family  in  East  and  West.  By 
Edmund  S.  Feoulkes,  formerly  Fellow  and 
Tutor  of  Jesus  Coll.  Oxford.  Post  8vo.  7s.  Gd. 

The  Life  of  Christ,  an  Eclectic  Gos- 
pel, from  the  Old  and  New  Testaments, 
arranged  on  a  New  Principle,  with  Analytical 
Tables,  &c.  By  Charles  De  ea  Pryjie, 
M.A.  Trin.  Coll.  Cumb.  Revised  Edition. 
8vo.  5s. 

The  Hidden  Wisdom  of  Christ 

and  the  Key  of  Knowledge;  or.  History  of 
the  Apocrypha.  By  Ernest  de  Bunsen. 
2  vols.  8vö.  28s. 

Hippoljrtus  and  his  Age  ;  or,  the 

Beginnings  and  Prospects  of  Cliristianity. 
By  Baron  Bunsen,  D.D.    2  vols.  8vo.  30s. 

Outlines  of  the  Philosophy  of  Uni- 
versal History,  applied  to  Language  and 
Religion :  Containing  an  Account  of  the 
Alphabetical  Conferences.  By  the  same 
Author.    2  vols.  8vo.  33s. 

Analecta  Ante-T^icsena.  By  the;  same 
Author.    3  vols.  8vo.  42s. 

Essays  on  Beligion  and  Litera- 
ture. B}^  various  Writers.  Edited  by 
H.  E.  Manning,  D.D.    8vo.  10s.  ßd. 

Essays  and  Reviews.  By  the  Rev. 

W.  Temple,  D.D.  the  Rev.  R.  Williams, 
B.D.  the  Rev.  B.  Powell,  ^LA.  the  Rev. 
H.  B.  Wilson,  B.D.  C.  W.  Goodwin,  M.A. 
the  Rev.  M.  Pattison,  B.D.  and  the  Rev. 
B.  Jo\vett,M.A.  12th  Edition.  Fcp.  8vo.  5s. 

Mosheim's  Ecclesiastical  History, 

Murdock  and  Soames's  Translation  and 
Notes,  re-edited  by  the  Rev.  W.  Stubbs, 
M.A.    3  vols.  8vo.  45s. 
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Bishop  Jeremy  Taylor's  Entire 

Works:  With  Life  bj  Bishop  Heber. 
Kevisecl  and  corrected  by  the  Rev.  C.  P. 
Eden,  10  vols.  £5  5s. 

Passing  Thoughts  on  Keligion. 

By  the  Author  of '  Amy  Herbert.'  8th  Edi- 
tion.  Fcp.  5  s. 

Thoughts  for  the  Holy  Week,  for 
Young  Persons.  By  the  same  Author, 
od  Edition.    Fcp.  8vo.  2^. 

mght  Lessons  from  Scriptm-e.  By  the 
same  Author.    2d  Edition.    32mo.  3s. 

Self-ezamination  before  Confirmation.  I 
By  the  same  Author.    32rao.  Is.  6d.  \ 

Headings  for  a  Month  Preparatory  to  ' 

Confirmation  from  Writers  of  the  Early  and  ; 

English  Church.   By  the  same.  Fcp.  4s,  \ 

Headings  for  Every  Day  in  Lent,  com-  j 

piled  from  the  Writings  of  Bishop  Jeremy  I 

Taylor.    By  the  same.    Fcp.  5s.  ' 

Preparation  for  the  Hoiy  Communion ; 
the  Devotions  chiefly  from  the  works  of 
Jeremy  Taylor.  By  the  same,    32mo.  3s. 

Morning  Clouds,  Second  Edition. 
Fcp.  5s. 

Spring  and  Autumn.  By  the  same  Author, 
Post  8vo,  Gs. 

The  Wife's  Manual;  or,  Prayers, 
Thoughts,  and  Songs  on  Several  Occasions 
of  a  Matron's  Life.  By  the  Rev.  W.  Cal- 
vert, M.A.    Crown  8vo.  10s.  6d. 

Spiritual  Songs  for  the  Sundays 

and  Holidays  throughout  the  Year.  By 
J.  S.  B.  MoNSELL,  LL.D.  Vicar  of  Egham.  ^ 
Fourth  Edition.    Fcp.  4s.  ßd,  i 

The  Beatitudes  :  Abasement  before  God :  i 

Sorrow  for  Sin  ;  Meekness  of  Spirit ;  Desire  ; 

for  Holiness  ;  Gentleness ;  Purity  of  Heart ;  I 

the  Peace- makers ;  Sufferings  for  Christ,  j 

By  the  same.    2d  Edition,  fcp,  3s.  Gd.  \ 

Hymnologia  Christiana ;  or,  Psalms  [ 

and  Hymns  selected  and  arranged  in  the  ! 

order  of  the  Christian  Seasons,    By  B.  H.  j 

Kennedy,  D.D.  Prebendary  of  Lichfield.  ; 
Crown  8vo,  7s.  Gd. 

Lyra  Domestica  ;  Christian  Songs  for 
Domestic  Edification.  Translated  from  the 
Psaltery  and  Harp  of  C.  J.  P.  SpiTTA,  and 
from  other  sources,  by  Richard  Massie. 
First  and  Second  Series,  fcp.  4s.  Gd.  each. 

Iiyra  Saera  ;  Hymns,  Ancient  and 
Modern,  Odes,  and  Fragments  of  Sacred 
Poetry,  Edited  by  the  Rev  B.  W.  Savile, 
M.A,    Fcp.  OS, 


Lyra  Germanica,  translated  from  the 

German  by  Miss  C,  Winkworth.  First 
Series,  Hymns  for  the  Sundays  and  Chief 
Festivals;  Second  Series,  the  Christian 
Life,  Fcp.  6s.  each  Series. 
Hymns  from  Lyra  Germanica,  i8mo.  is. 
Historical  I^otes  to  the  *Lyra 

Germanica : '  containing  brief  Meuioirs  of 
the  Authors  of  the  Hymns,  and  Notices  of 
Remarkable  Occasions  on  which  some  of 
them  have  been  used ;  with  Notices  of  other 
German  Hymn  Writers.  By  Theodore 
KL'elek.    Fcp.  7s.  Gd. 

Lyra  Eueharistica  ;   Hymns  and 

Verses  on  the  Holy  Communion,  Ancient 
and  Modern  ;  with  other  Poems.  Edited  by 
the  Rev.  Orby  Shipley,  M.A.  Second 
Edition.    Fcp,  7s,  Gd. 

Lyra  Messianica ;  Hymns  and  Verses  on 
the  Life  of  Christ,  Ancient  and  Modern; 
with  other  Poems,  By  the  same  Editor, 
Fcp.  7s.  Gd. 

Lyra  Mystica ;  Hymns  and  Verses  on  Sacred 
Subjects,  Ancient  and  Modern,  By  the 
same  Editor.    Fcp.  7s.  Gd. 

The  Chorale  Book  for  England ; 

a  complete  Hymn-Book  in  accordance  witli 
the  Services  and  Festivals  of  the  Church  of 
England  :  the  Hymns  translated  by  Miss  C. 
Winkworth  ;  the  Tunes  arranged  by  Prof, 
W,  S.  Bennett  and  Oxto  Goldscilwidt. 
Fcp.  4to,  12s.  Gd. 

Congregational  Edition.  Fcp.  -is. 
The   Catholic   Doctrine  of  the 

Atonement;  an  Historical  Inquiry  into  its 
Development  in  the  Church  :  with  an  Intro- 
duction on  the  Principle  of  Theological 
Developments.  By  H.  N.  Oxenliam,  M.A. 
formerly  Scholar  of  Balliol  College,  Oxford. 
8vo.  8s.  Gd. 

From  Sunday  to  Sunday;  an  attempt 

to  consider  familiarly  the  Weekday  Life 
and  Labours  of  a  Country  Clergyman,  By 
R,  Gee,  M.A,  Vicar  of  Abbott's  Langley 
and  Rural  Dean.    Fcp.  5s. 

First  Sundays   at   Church;  or. 

Familiar  Conversations  on  the  Morning  and 
Evening  Services  of  the  Church  of  Enghind. 
By  J,  E.  Riddle,  M.A,    Fcp,  2s,  Gd. 

The   Judgment  of  ConseiencGy 

and  other  Sermons,  By  Richard  Whately, 
D.D.  late  Archbishop  of  Dublin.  Crown 
8vo,  4s,  6c?, 

Paley's  Moral  Philosophy,  with 

Annotations,  By  Richard  Whately,  D.D. 
late  Archbishop  of  Dublin.    8vo.  7s, 


NEW  WORKS  I'LiiLioHHD  Bi-  LONGMANS  ani»  CO: 


Travels,  Voyages,  (Sf'c. 


Outline  Sketches  of  the  High 

Alps  of  Dauphinc.  By  T.  O.  Bonxe y,  M.A. 
F.G.S.  M.A.C.  Follow  of  St.  John's  Coll. 
Camb.  With  13  Platc^:  and  a  Coloured  IVIop. 
Post  'Ito.  IGs. 

Ice  Caves  of  France  and  Switzer- 
land; a  narrative  of  Subterranean  Explora- 
tion. By  the  Rev.  Cr.  F.  BnowxE,  M  A- 
Fellov,-  and  Assistant-Tutor  of  St.  Catherine's 
Coll.  Cambridge,  ^I.A.C.  With  11  Woodcuts. 
Square  crown  8vo.  12s.  C(/. 

Village  Life  in  Switzerland.  By 

Sophia  D.  Deoiard.    Post  8vo.  9i-.  oJ. 

How  we  Spent  the  Summer ;  or, 

a  A'oyage  en  Zigzag  in  Switzerland  and 
Tyrol  with  some  Members  of  the  ALrixr. 
Clvb.  From  the  Sketch-Boole  of  one  of  the 
Party.  In  oblong  4to.  with,  about  300  Illus- 
trations, 10s.  Old. 

Map  of  the  Chain  of  Mont  Bianc, 

from  an  actual  Survev  in  18C3— ISGi.  By 
A.  Adam3-Rt:ilt.y,  F.R.G.S.  M.A.C.  Pub- 
lished under  the  Authority  of  the  Alpine 
Club.  In  Chromolithography  ou  extra  stout 
drawing-paper  28in.  -  17 in.  price  10.5.  or 
moiTnted  ou  canvas  in  a  folding  case,  12s. 

The  Hunting  Grounds  of  the  Old 

World  ;  First  Sehies,  Asia.  By  II.  A.  L. 
the  Old  Shekarry.  Third  Edition,  with  7 
Illustrations.    8vo.  18s. 

Camp  and  Cantonment;  a  Journal 

of  Life  in  India  in  1857— 1859,  Avith  some 
Account  of  the  W^ay  thither.  By  ilrs.  Leo- 
pold Paget.  To  which  is  added  ca  Short 
Narrative  of  the  Pursuit  of  the  Rebels  in 
Central  India  by  Major  Paget,  R.H.A. 
Post  8vo.  10s.  6d 

Explorations    in     South  -  west 

Africa,  from  Walvisch  Bay  to  Lake  Ngami 
and  the  Victoria  Falls.  By  Thomas  Raines, 
F.R.G.S.  8vo.  with  Maps  and  Illustra- 
tions, 2  is. 

South  American  Sketches  ;  or,  a 

Visit  to  Rio  Janeiro,  the  Organ  Mountains, 
La  Plata,  and  the  Parana.  By  Thomas  W. 
Hi>'ciiLiFF,  M.A.  F.R.G.S.  Post  8vo.  with 
Illustrations,  12s.  6J. 

Vancouver  Island   and  British 

Columbia  ;  their  History,  Resources,  and 
Prospects.  By  Mattiievv-'Macfie,  F.R.G.S. 
With  Maps  and  Illustrations.    8vo.  18.«, 


History    of  Discovery  in  our 

Australasian  Colonies,  Australia,  Tasmania, 
and  New  Zealand,  from  the  Earliest  Date  to 
the  Pr-sent  Day.  By  Wieliam  Howitt. 
With  .3  INIaps  of  the  Recent  Explorations 
from  Official  Sources.   2  vols.  8vo.  28s. 

The  Capital  of  the  Tycoon;  a 

Narrative  of  a  3  Years'  Residence  in  Japan. 
By  Sir  Rutheufop.d  Alcock,  K.C.B. 
2  vols.  8vo.  with  numerous  Illustrations,  42s. 

Last  Winter  in  Rome.    By  C.  R. 

Weld.    With  Portrait  and  Engravings  on 
Wood.    Post  8vo.  l  is. 

Autumn    Rambles    in  North 

Africa.  By  John  Ormsby,  of  the  Middle 
Temple.  With  16  Illustrations.  Post  8vo. 
8s.  6d 

The  Dolomite  Mountains.  Excur- 
sions through  Tyrol,  Carinthia,  Carniola,and 
Friuli  in  18G1,  1862,  and  1883.  By  J. 
Gilbert  and  G.  C.  Churchill,  F.R.G.S. 
With  numerous  Illustrations.  Square  crown 
8vo.  21s. 

A  Summer  Tou-r  in  the  Grisons 

and  Italian  Valleys  of  the  Bernina.  By 
Mrs.  Henry  Freshfield.  With  2  Coloured 
Maps  and  4  Views.    Post  8vo.  10s.  G<f. 

Alpine  Byways  ;  or,  Light  Leaves  gathered 
in  1859  and  1860.  By  the  same  Authoress. 
Post  8vo.  with  Illustrations,  10s.  6c7. 

A  Lady's  Tour  Round  Monte  Rosa; 

including  Visits  to  the  Italian  Valleys. 
With  :SIap  and  Illustrations.    Post  Svo.  14s. 

Guide  to  the  Pyrenees,  for  the  use 

of  Mountaineers.  By  Charles  Packe. 
With  Maps,  &c.  and  Appendix.    Fcp.  6s. 

The  Alpine  Giüde.  John  Bali., 
M.R.I.A.  late  President  of  the  Alpme  Club. 
Post  Svo.  with  :\Iap3  and  other  Illustrations. 

Guide  to  th.e  Western  Alps,  including 
Mont  Blanc,  Monte  Rosa,  Zermatt,  &c. 
7s.  6c/. 

Guide  to  the  Oberland  and  all  Switzer- 
land, excepting  the  Neighbourhood  of 
Monte  Rosa  and  the  Great  St.  Bernard; 
^vith  Lombardy  and  the  adjoining  portion 
of  Tyrol.    7s.  6f7. 
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Christopher  Columbus;  his  Life, 

Voyages,  and  Discoveries.  Revised  Edition, 
Avith  4  ^V^oodcuts.    18mo.  2s.  6d. 

Captain  James   Cook;    his  Life, 

Voyages,  and  Discoveries.  Revised  Edition, 
with  numerous  Woodcuts.    iSmo.  2.s-.  6d. 

Ifarratives  of  Shipwrecks  of  the 

Royal  Navy  between  1793  and  1857,  com- 
piled from  Official  Documents  in  tlie  Ad- 
miralty by  W.  O.  S.  GiLLY;  with  a  Preface 
by  W.  S.  GiLLY,  D.D.  3rd  Edition,  fcp.  5s 


A  Week  at  the   Land's  End. 

By  J.  T.  Blight;  assisted  by  E.  H.  Rodd, 
R.  Q.  Couch,  and  J.  Ralfs.  With  Man 
and  96  Woodcuts.    Fcp.  Gs.  Gd. 

Visits  to  Remarkable   Places  : 

Old  HaHs,  Battle-Fields,  and  Scenes  illus- 
trative of  Striking  Passages  in  English 
History  and  Poetry.  By  William  Howitt. 
2  vols,  square  crown  8vo.  with  Wood  En- 
gravings, 2os. 

The    Rural   Life  of  England. 

By  the  same  Author.  With  AVoodcuts  bv 
Bewick  and  Williams.  Medium  8vo.  12s.  6d, 


Works  of  Fiction. 


Late  Laurels  :  a  Tale.    Bv  the  Author 
of  '  Wheat  and  Tares.'  2  vols,  post  8vo.  15s. 

A  First  Friendship.  [Reprinted  from 

Fräsers  Magazine.'^    Crowu  8vo.  7s.  Qd. 

Atherstone  Priory.  By  L.  N.  Cojitk. 

2  vols,  post  8vo.  21s. 
Ellice  :  a  Tale.   By  the  same.   Post  8vo.  9s.  6(/. 

Stories  and  Tales  by  the  Author 

of  '  Amy  Herbert,'  uniform  Edition,  each 
Tale  or  Story  complete  in  a  single  volume. 


Amy  Herbert,  2s.  6d. 
Gertrude,  2s.  Grf. 
Fare's  Daughter, 
2s.  6c/. 

Exi'ERIENCE  OF  LiFE, 
2s.  Qd. 

Cleve  Hall,  3s.  6J. 
Ivors,  3s.  M. 


Katharine  Ashton, 
3s.  %d. 

Margaret  Perci- 
VAL,  5s. 

Laneton  Parson- 
age, 4s.  M. 

Ursula,  4s.  6d 


A  Glimpse  of  the  World.  By  the  Author 
of   Amy  Herbert.'    Fcp.  75.  6t/. 

Essays  on  Fiction,  reprinted  chiefly 
from  Reviews,  Avith  Additions.  By  Nassau 
W.  Senior.    Post  8vo.  10s.  M. 

Elihu  Jan's  Story  ;  or,  the  Private 
Life  of  an  Eastern  Queen.  By  William 
Knighton,  LL.D.  Assistant-Commissioner 
in  Oudh.    Post  8vo.  7s.  Qd. 

The  Six  Sisters  of  the  VaUeys  • 

an  Historical  Romance.  Bv  W.  Bramley- 
MooRE,  M.A.  Incumbent  of  Gerrard's  Cross, 
Bucks.  Third  Edition,  with  14  Illustrations. 
Crown  8vo.  5s. 


The  Gladiators:  a  Tale  of  Eome  and 
Judaea.  By  G.  J.  White  Melville. 
Crown  8vo.  5s. 

Digby  Grand,  an  Autobiograpliy.  By  the 
same  Author.    1  vol.  os. 

Kate  Coventry,  an  Autobiography.  By  the 
same.    1  vol.  5s. 

General  Bounce,  or  the  Lady  and  the  Lo- 
custs.   By  the  same.    1  vol.  5s. 

Holmby  House,  a  Tale  of  Old  Northampton- 
shire.   1  vol.  5s. 

Good  for  ISTothing,  or  All  Down  Hill.  By 
the  same.    1  vol.  Cs. 

The  Queen's  Maries,  a  Romance  of  Holy- 
rood.   1  vol.  6s. 

The  Interpreter,  a  Tale  of  the  War.  By 
the  same.    1  vol.  5s. 

Tales  from   Greek  Mytholoffv. 

By  George  W.  Cox,  M.A.  late  Scholar 
of  Trm.  Coll.  Oxon.  Second  Edition.  Square 
16mo.  3s.  Gd. 

Tales  of  the  Gods  and  Heroes.  By  the 
same  Author.  Second  Edition.  Fcp.  5s. 

Tales  of  Thebes  and  Argos.  By  the  same 
Author.    Fcp.  4s.  Qd. 

The  Warden  :  a  Novel.  By  Anthony 
Trollope,    Crown  8vo.  3s.  Qd. 

Barchester  Towers:  a  Sequel  to  'The 
Warden.'  By  the  same  Author.  Crown 
8vo.  5s. 
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Poetry  and  the  Drama. 


Select  Works  of  the  British  Poets ; 

with  Biographical  and  Critical  Prefaces  by 
Dr.  Aikin:  with  Supplement,  of  more 
recent  Selections,  by  LucyxVikin.  Medium 
8vo.  18*-. 

Goethe's  Second  Faust.  Translated 

by  John  Anstkr,  LL.D.  M.R.I.A.  Kegius  j 
Professor  of  Civil  Law  in  the  University  of  j 
Dublin.    Post  Bvo.  15s.  j 

Tasso's    Jerusalem    Delivered,  | 

translated  into  English  Verse  by  Sir  J.  | 
Kingston  James,  Kt.  M.A.  2  vols.  fcp.  | 
with  Facsimile,  14s.  i 

Poetical  Works  of  John  Edmund 

Keade  ;  with  final  Revision  and  Additions,  i 
3  vols.  fcp.  18s.  or  each  vol.  separately,  6s.  j 

Moore's  Poetical  Works,  Cheapest  | 

Editions  complete  in  1  vol.  including  the  j 

Autobiographical  Prefaces  and  Author's  last  i 

Notes,  which  are  still  copyright.    Crown  | 

8vo.  ruby  type,  with  Portrait,  7s.  6fZ.  or  , 

People's  Edition,  in  larger  type,  12s.  ßd.  j 

Moore's  Poetical  Works,  as  above,  Library  I 
Edition,  medium  Bvo.  with  Portrait  and  j 
Vignette,  14s.  or  in  10  vols.  fcp.  3s.  Gd.  each  j 

Tenniel's    Edition    of  Moore's 

Lalla  Rookh,  with  68  Wood  Engravings  \ 
from  Original  Drawings  and  other  Illustra-  | 
tions.    Fcp.  4to.  21s.  j 

Moore's  Laila  Bookh.  S2mo.  Plate,  Is.  1 
16mo.  Vignette,  2s.  6c/.  1 


Maclise's  Edition  of  Moore's  Irish 

J!fe/oc//es,  with  161  Steel  Plates  from  Original 
Dr.nvings.    Super-ro3'al  8vo.  31s.  6J. 

Moore's  Irish.  Melodies,  32mo.  Portrait, 
Is.    16mo.  Vignette,  2s.  6rf. 

Southey's  Poetical  Works,  with 

the  Author's  last  Corrections  and  copyriglit 
Additions.  Library  Edition,  in  1  vol. 
medium  8vo.  with  Portrait  and  Vignette, 
14s.  or  in  10  vols.  fcp.  3s.  Gd.  each. 

Lays  of  Ancient  Rome  ;  with  Icnj 

and  the  Armada.  By  the  Kight  lion.  LoitD 
Macaulay.    16mo.  4s.  Gd. 

Lord  Macaulay's  Lays  of  /  ncient 
Roflfet  With  90  Illustrations  on  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  G.  Sciiap.f.    Fcp.  4to.  21s. 

Poems.  By  Jean  Ingelow.  Ninth  Edi- 
tion.   Fcp.  8vo.  ÖS. 

Poetical  Works  of  Letitia  Eliza- 
beth Landon  (L.E.L.)    2  vols.  16mo.  10s. 

Playtime  with  the  Poets  :  a  Selec- 

tion  of  the  best  English  Poetry  for  the  use 
of  Children.   By  a  Lady.    Crown  8vo.  5s. 

Bowdler's   Family  Shakspeare, 

cheaper  Genuine  Edition,  complete  in  1  vol. 
large  tj'pe,  with  36  Woodcut  Illustrations, 
price  14s.  or,  av ith  the  same  Illustuations, 
in  6  pocket  vols.  3s,  Gd.  each. 

Arundines  Cami,  sive  Musarum  Can- 
tabrigiensium  Lusus  Canori.  Collegit  atque 
edidit  H.  Deuky.  M.A.  Editio  Sexta,  cu- 
ravit  H.  J.  Hodgson,  M.A,  Crown  8vo. 
7s.  Gd. 


Rural  Sports,  cf'c. 


Encyclopsedia  of  Rural  Sports  ; 

a  Complete  Account,  Historical,  Practical, 
and  Descriptive,  of  Hunting,  Shooting, 
Fishing,  Racing,  &c.  By  D.  P.  Blaine. 
With  above  600  Woodcuts  (20  from  Designs 
by  John  Leech).   8vo.  42s. 

Notes  on  Rifle  Shooting.  By  Cap- 
tain Heaton,  Adjutant  of  the  Third  Man- 
chester Rifle  Volunteer  Corps.   Fcp.  2s,  Gd.  \ 


Col.  Hawker's   Instructions  to 

Young  Sportsmen  in  all  that  relates  to  Guns 
and  Shooting.  Revised  by  the  Author's  Son. 
Square  crown  8vo.  with  Illustrations,  18s. 

The  Dead  ShotjOr  Sportsman's  Complete 
Guide;  a  Treatise  on  the  Use  of  the  Gun, 
Dog -breaking,  Pigeon-shooting,  &c,  B5 
Marksman.   Fcp.  8vo.  with  Plates,  5s. 
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NEW  WOEKS  PUBLISHED  BY  LONGMANS  and  CO. 


The  Fiy  -  Fisher's  Entomology. 

Ry  Ajlfred  Ronalds.  With  coloured 
Representations  of  the  Natural  and  Artifi- 
cial Insect.  6th  Edition ;  with  20  coloured 
Plates.    8vo.  14s. 

Hand-book  of  Angling  :  Teaching 

Fly-fishing,  Trolling,  Bottom- fishing,  Sal- 
mon-fishing; with  the  Natural  Historj' of 
River  Fish,  and  the  best  modes  of  Catching 
them.  By  Ephemera.   Fcp.  Woodcuts,  5s. 

The  Cricket  Meld  ;  or,  the  History 
and  the  Science  of  the  Game  of  Cricket.  By 
James  Pycrob^t,  B.A.  Trin.  Coll.  Oxou. 

.  4th  Edition,    Fcp.  5s. 

The  Cricket  Tutor  ;  a  Treatise  exclusively 
Practical.    By  the  same.    18mo.  Is. 

I 

Crieketana.    By  the  same  Author.    "With  7  | 
Portraits  of  Cricketers.    Fcp.  5s. 

The  Horse  :  with  a  Treatise  on  Draught. 
By  WiLLi^ui  YouATT.  New  Edition,  re- 
vised and  enlarged.  8vo.  with  numerous 
Woodcuts,  10s.  6d. 

Tlie  Dog.   By  tlie  same  Author.   8vo.  with  I 
numerous  Woodcuts,  6s.  | 


The  Horse's  Foot,  and  how  to  keep 

it  Sound.  By  W.  Miles,  Esq.  9th  Editio-, 
with  Illustrations.    Imp.  8vo.  12s.  6d. 
A  Plain  Treatise  on  Horse-shoeing.  By 
the  same  Author.    Post  8vo.  with  Illustra- 
I      tions,  2s.  Gd. 

Stables  and  Stable  Fittings.  By  the  same. 
Imp.  8vo.  with  13  Plates,  15s. 

Kemarks  on  Horses'  Teeth,  addressed  to 
Purchasers.  By  the  same.  Post  8vo.  Is.  Gd. 

On   Drill  and    Mano3uvres  of 

Cavalrj',  combined  with  Horse  Artillerj'. 
By  Major-Gen.  Michael  W.  Smith,  C.b! 
Commanding  the  Poonah  Division  of  the 
Bombay  Army.    8vo.  12s.  Gd. 

The  Dog  in  Health  and  Disease. 

I      By  Stonehenge.     With  70  Wood  En- 
gravings.   Square  crown  8vo.  15s. 

The  Greyhound  in  1864,    By  the  same 
Author.    With  24  Portraits  of  Greyhounds, 
i      Square  crown  8vo.  21s. 

The  Ox,  his  Diseases  and  their  Treat- 
ment ;  with  an  Essay  on  Parturition  in  the 
I      Cow.  By  J.  R,  DoBsoN,  M.R.C.V.S,  Crown 
i      8vo.  with  Illustrations,  7s.  Gd. 


Com merce,  Navigation, 
The  Law  of  Hations  Considered 

as  Independent  Political  Communities.  By 
Travkks  Twiss,  D.C.L.  Regius  Professor 
of  Civil  Law  in  the  University  of  Oxford. 
2  vols.  8vo.  30s.  or  separately,  Part  I.  Peace, 
12s.  Part  II.  JFar,  18s. 

A  Nautical  Dictionary,  defining 

the  Technical  Language  relative  to  the 
Building  and  Equipment  of  Sailing  Vessels 
and  Steamers,  &c.  By  Arthur  Young. 
Second  Edition;  with  Plates  and  150  Wood- 
tuts.    8vo.  18s. 


and  Mercantile  A^airs. 

A  Dictionary,  Practical,  Theo- 
retical, and  Historical,  of  Commerce  and 
Commercial  Navigation.  By  J.  R.  M'Cul- 
ixjcH.   8vo.  with  Maps  andPlans,  50s. 

The  Study  of  Steam  and  the 

Marine  Engine,  for  Young  Sea  Officers.  By 
S.  M.  Saxby,  R.K  Post  8vo.  with  87 
Diagrams,  5s.  Gd. 

A  Manual  for  JTaval  Cadets.  By 

J.  M'Neil  Boyd,  late  Captain  R.N.  Third 
Edition ;  with  240  Woodcuts,  and  11  coloured 
Plates.   Post  8vo,  12s.  Gd. 


Works  of  Utility  and 
Modern    Cookery    for  Private 

Families,  reiluced  to  a  System  of  Easy  ; 

Practice  in   a  Series  of  carefully -tested  I 

Receipts.    By  Eliza  Acton.    Newly  re-  : 

vised  and  enlarged ;  with  8  Plates,  Figures,  i 

and  150  Woodcuts.    Fcp.  7s.  Gd.  ' 


General  Information. 

The  Handbook  of  Dining ;  or,  Cor- 
pulency and  Leanness  scientifically  con- 
sidered. By  Brillat-Savarin,  Author  of 
*  Physiologie  du  Gout.'  Translated  by 
L.  F.  Simpson.  Revised  Edition,  with 
Additions.    Fcp.  3s.  Gd. 


NEW  WORKS  PUBLISHED  BY  LOXGMANS  ani>  CO.  1» 


On  Food  and  its  Digestion  ;  an  I 

Introduction  to  Dietetics.  By  VV.  Brintox,  j 
M.D.  Physician  to  St,  Thomas's  Hospital,  ! 
&c.    With  48  Woodcuts.    Post  8vo.  12s.  j 

Wine,  the  Vine,  and  the  Cellar. 

By  Thomas  G.  Shaw.  Second  Edition, 
revised  and  enlarged,  Avith  Frontispiece  and 
31  Illustrations  on  Wood.    8vo.  16s. 

A  Practical  Treatise  on  Brewing ; 

with  Formulte  for  Public  Brewers,  and  In- 
structions for  Private  Families.  By  W. 
Black.   8vo.  10s.  Gd. 

Short  Whist.  Br  Major  A.  The 
Sixteenth  Edition,  revised,  with  an  Essay 
on  the  Theory  of  the  Modern  Scieutilic 
Game  by  PnoF.  P.    Fcp.  8s.  Gd. 

Whist,  What  to  Lead.    By  Cam. 

Second  Edition.    32mo.  Is. 

Hints    on    Etiquette    and  the 

Usages  of  Society ;  with  a  Glance  at  Bad 
Habits.  Eevised,  with  Additions,  by  a  Lady 
of  Rank.  Fcp.  2s.  6d 

The  Cabinet  Lawyer ;  a  Popular 

Digest  of  the  Laws  of  England,  Civil  and 
Criminal.  20th  Edition,  extended  by  the 
Author ;  including  the  Acts  of  the  Sessions 
1863  and  1864.    Fcp.  IDs.  6d. 


General  and 

An  Atlas  of  History  and  Geo- 
graphy, representing  the  Political  State  of 
the  World  at  successive  Epoctis  from  the 
commencement  of  the  Christian  Era  to  the 
Present  Time,  in  a  Series  of  16  coloured 
Maps.  By  J.  S.  Beewek,  MA.  Third 
Edition,  revised,  &c.  by  E.  C.  Brewek, 
LL.D.    Eoyal  8vo.  15s. 

Bishop  Butler's  Atlas  of  Modern 

Geography,  in  a  Series  of  33  full -coloured 
Maps,  accompanied  by  a  complete  Alpha- 
betical Index.  Xew  Edition,  corrected  and 
enlai'ged.    Eoyal  8vo.  10s.  Gd. 

Bishop  Butler's  Atlas  of  Ancient 

Geography,  in  a  Series  of  24  full-coloured 
Maps,  accompanied  by  a  complete  Accen- 
tuated Index.  New  Edition,  corrected  and 
enlarged.    Eoyal  8vo.  i2s. 


The  Philosophy  of  Health ;  or,  an 

Exposition  of  the  Physiological  and  Sanitary 
Conditions  conducive  to  Human  Longevity 
and  Happiness.  By  Southwood  Sjiith, 
M.D.  Eleventh  Edition,  revised  and  en- 
larged; with  113  Vv'oodcuts.    8vo.  15s. 

Hints  to  Mothers  on  the  Manage- 
ment of  their  Health  during  the  Period  of 
Pregnancy  and  in  the  Lying-in  Eoom.  By 
T.  Bull,  M.D.    Fcp.  5s. 

The  Maternal  Management  of  Cliildren 
in  Health  and  Disease.  By  the  same 
Autlior.    Fcp,  5s. 

Kotes  on  Hospitals.  By  Florence 
Nightingale.  Third  Edition,  enlarged ; 
with  13  Plans.    Post  4to.  18s. 

C.  M.  Willich's  Popular  Tables 

for  Ascertaining  the  Value  of  Lifehold, 
Leasehold,  and  Church  Property,  Eenewal 
Fines,  &c. ;  the  Public  Funds;  Annual 
Average  Price  and  Interest  on  Consols  from 
1731  to  1861  ;  Chemical,  Geographical, 
Astronomical,  Trigonometrical  Tables,  &c. 
Post  Svo.  10s. 

Thomson's   Tables  of  Interest, 

at  Three,  Four,  Four  and  a  Half,  and  Five 
per  Cent.,  from  One  Pound  to  Ten  Thousand 
and  from  1  to  365  Days.    12mo.  3s.  Gd. 

Maunder's  Treasury  of  Know- 
ledge and  Library  of  Reference  :  comprising 
an  English  Dictionary  and  Grammar,  Uni- 
versal Gazetteer,  Classical  Dictionary,  Chro- 
nology, Lavr  Dictionary,  Synopsis  of  the 
Peerage,  useful  Tables,  &c.    Fcp.  10s. 


School  Atlases. 

School  Atlas  of  Physical,  Poli- 
tical, and  Commercial  Geography,  in  17 
full-coloured  Maps,  accompanied  by  de- 
scriptive Letterpress.  By  E.  Hughes 
F.E.A.S.    Eoyal  8vo.  10s.  Gd. 

Middle-Class  Atlas  of  General 

Geography,  in  a  Series  of  29  full-coloured 
Maps,  containing  the  most  recent  Terri- 
torial Changes  and  Discoveries.  By  Waltek 
M'Leod,  F.E.G.S.  4to.5s. 

Physical  Atlas  of  Great  Britain 

and  Ireland;  comprising  30  fall-coloured 
Maps,  with  illustrative  Letterpress,  forming 
a  concise  Synopsis  of  British  Physical  Geo- 
graphy. By  Walter  IM'Leod,  F.E.G.S« 
Fcp.  4to.  7s.  Gd. 
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Periodical  Publications. 


The  Edinburgh  Review,  or  Cri- 
tical Journal,  published  Quarterly  in  Janu- 
ar3%  April,  July,  and  October.  8vo.  price 
Cs.  each  No. 

The   Geological    Magazine,  or 

Monthly  Journal  of  Geology,  edited  by 
Henry  Woodward,  F.G.S.  ;  assisted  by 
Prof,  J.  Morris,  F.G.S.  and  R.  Etiikridge, 
r.R  S.E.  F.G.S.    8vo.  price  Is.  each  No. 


I  Fraser's  Magazine  for  Town  and 

Country,  published  on  the  1st  of  each 
Month.    8vo.  price  2s.  Gc?,  each  No. 

The  Alpine  Journal:  a  Record  of 

Mountain  Adventure  and  Scientific  Obser- 
vation. By  Members  of  the  Alpine  Club. 
Edited  by  H.  B.  George,  M.A.  Published 
Quarterly,  May  31,  Aug.  31,  Nov.  30,  Feb. 
I     28.   8vo.  price  Is.  6d.  each  No. 


Knowledge  fo 
The  Stepping  Stone  to  Knowledge:  I 

Containing  upwards  of  Seven  Hundred 
Questions  and  Answers  on  Miscellaneous 
Subjects,  adapted  to  the  capacity  of  Infant 
Minds.  By  a  Mother.  New  Edition, 
enlarged  and  improved.    18mo.  price  Is. 

The  Stepping  Stone  to  Geography: 
Containing  several  Hundred  Questions  and 
Answers  on  Geographical  Subjects.  18mo.  Is. 

The  Stepping  Stone  to  English  History  : 

Containing  several  Hundred  Questions  and 
Answers  on  the  History  of  England.  Is. 

The  Stepping  Stone  to  Bible  Know- 
ledge: Containing  several  Hundred  Ques- 
tions and  Answers  on  the  Old  and  New 
Testaments.    18mo,  Is. 

The  Stepping   Stone   to  Biography: 

Containing  several  Hundred  Questions  and 
Answers  on  the  Lives  of  Eminent  ]\Ien  and 
Women.    18mo.  Is.  | 

Second  Series  of  the  Stepping 

Stone  to  Knowledge :  containing  upwards 
of  Eight  Hundred  Questions  and  Answers 
,  on  Miscellaneous  Subjects  not  contained  in 
the  First  Series.    i8mo.  Is. 

The  Stepping  Stone  to  French  Pronun- 
ciation and  Conversation :  Containing  seve- 
ral Hundred  Questions  and  Answers.  By 
Mr.  P.  Sadler.    18mo.  Is. 

The  Stepping  Stone  to  English  Gram- 
mar :  containing  several  Hundred  Questions 
aiid  Answers  on  English  Grammar.  By 
Mr.  P.  Sadler.    18mo.  Is. 

The  Stepping  Stone  to  Natural  History : 
Vertebrate  or  Backboned  Animals. 
Part  J.  Mammalia ;  Part  IL  Birds,  liep- 
tiles,  Fishes,    18mo.  Is.  each  Part. 


r  the  Young. 

The  Instructor ;  or,  Progressive  Les- 
sons in  General   KnoAvledge.  Originally 
published  under  the  Direction  of  the  Com- 
mittee of  General  Literature  and  Education 
of  the  Society   for  Promoting  Christian 
Knowledge.   7  vols.  18mo.  freely  illustrated 
with  Woodcuts  and  Maps,  price  lis. 
I.  Exercises, Tales,and  Conversations 
on  Familiar  Subjects  ;  with  Eas}^  Les- 
sons from  History.    Revised  and  im- 
proved Edition.    Price  2s. 
II.  Lessons  on  Dwelling-Houses  and 
the  Materials  used  in  Building  Them  ; 
on  Articles  of  Furniture ;  and  on  Food 
and  Clothing.    Kevised  and  improved 
Edition.    Price  2s. 

III.  Lessons  on  the  Universe ;  on  the 

Three  Kingdoms  of  Nature,  Ani- 
mal, Vegetable,  and  Mineral ;  on  the 
Structure,  Senses,  and  Habits  of  Man ; 
and  on  the  Preservation  of  Health. 
Revised  and  improved  Edition.  2s. 

IV,  Lessons  on  the  Calendar  and  Al- 

manack ;  on  the  Twelve  Months  of  the 
Year ;  and  on  the  appearances  of  Na- 
ture in  the  Four  Seasons,  Spring, 
Summer,  Autumn,  and  Winter.  Re- 
vised and  improved  Edition.  Price  2s. 
V,  Descriptive  Geography  with  Popu- 
lar Statistics  of  the  various  Countries 
and  Divisions  of  the  Globe,  their  Peo- 
ple and  Productions.  Revised  and 
improved  Edition.  With  G  Maps.  2s. 
VI.  Elements  of  Ancient  History ,  from 
the  Formation  of  the  First  Great  Mo- 
narchies to  the  Fall  of  the  Roman 
I'^mpire.  Revised  and  improved  Edi- 
tion. Price  2s. 
VIL  Elements  of  [Mediaeval  and]  Mo- 
dern Historj^  from  A.D.  406  to  A.D. 
1862 :  with  brief  Notices  of  European 
Colonies.  Revised  and  improved  Edi- 
tion.   Price  2s. 


INDEX. 


Abbott  on  Sight  and  Touch   6 

Acton's  Modern  Cookery    18 

Aikin's  Select  British  Poets   17 

  Memoirs  and  Remains   3 

Alcock's  Residence  in  Japan   15 

Allies  on  Formation  of  Christianity   13 

Alpine  Guide  (The)   15 

  Journal  (The)    2Ü 

Apjohn's  Manual  of  the  Metalloids   8 

Arago's  Bioj?raphies  of  Scientific  Men  ....  4 

  Popular  Astronomy   7 

— —  Meteorological  Essays'   7 

A  RNOLD's  Manual  of  English  Literature. ...  5 

Arnott's  Elements  of  Physics   8 

Arundines  Canil    17 

Atherstone  Priory    16 

Atkinson's  Papinian    4: 

Autumn  Holidays  of  a  Country  Parson  ....  6 

Ayre's  Treasury  of  Bible  Knowledge   13 

Babbage's  Life  of  a  Philosopher   3 

Bacon's  Essays,  by  Whately   4 

.  Life  and  Letters,  by  Spedding..  ..  3 

—  Works,  by  Ellis,  Spedding,  and 

Heath   * 

Bain  on  the  Emotions  and  Will   6 

 on  the  Senses  and  Intellect   6 

 on  the  Study  of  Character   6 

Baines's  Explorations  in  S.W.  Africa   15 

Ball's  Guide  to  the  Central  Alps   15 

 Guide  to  the  Western  Alps    15 

Bayldon's  Rents  and  Tillages   12 

Black's  Treatise  on  Brewing   19 

Blackley  and  Friedlander's  German 

and  English  Dictionary   5 

Blaine's  Rural  Sports   17 

Blight's  Week  at  the  Land's  End   16 

Bonney's  Alps  of  Dauphin^    15 

Bourne's  Catechism  of  the  Steam  Engine. .  12 

 ^  Handbook  of  Steam  Engine  ....  12 

 Treatise  on  the  Steam  Engine. ...  11 

Bowdler's  Family  Skakspeare   17 

Boyd's  Manual  for  Naval  Cadets   18 

Bram  ley-Moore's  Six  Sisters  of  the  Valleys  16 
Brande's  Dictionary  of  Science, Literature, 

and  Art   9 

Bray's  (C.)  Education  of  the  Feelings   7 

 Philosophy  of  Necessity   7 

 (Mrs.)  British  Empire   7 

Brewer's  Atlas  of  History  and  Geography  19 

Brinton  on  Food  and  Digestion   19 

Bristol's  Glossary  of  Mineralogy   8 

Brodie's  (Sir  C.  B.)  Psychological  Inquiries  7 

 Works   10 

.  •  Autobiography   10 

Browne's  Ice  Caves  of  France  and  Switzer- 
land   15 
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Burton's  Christian  Church    3 

Butler's  Atlas  of  Ancient  Geography  ....  19 
 Modern  Geography   19 
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 Practical  ditto   5 

CoNYBEARE  audHowsoN's  Life  and  Epistles 

of  St.  Paul   12 

Cook's  Voyages    16 

Copland's  Dictionary  of  Practical  Medicine  10 
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Fairbairn's    Application    of    Cast  and 

"Wrought  Iron  to  Building   11 

 Information  for  Engineers  . .  11 

 ■        Treatise  on  Mills  &  Mill  work  11 
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Holmes's  System  of  Surgery   10 

Hooker  and  Walker-Arnott's  British 

Flora   9 

Horne's  Introduction  to  the  Scriptures ....  13 
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Hunting  Grounds  of  the  Old  World'   15 

Hymns  from  L)/ra  Germanica   n 

Ingelow's  Poems   17 

Instructor  (The)         20 

Jameson's  Legends  of  the  Saints  and  M&r- 
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ment   5 

 Hebrew  Grammar   5 

Kennedy's  Hymnologia  Christiana    14 

Kesteven's  Domestic  Medicine    10 

Kirby  and  Spence's  Entomology    & 

Knighton's  Story  of  Elihu  Jan    m 
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 Gardening-    12 
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Lowndes's  Engineer's  Handbook    11 
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Macdougall's  Theory  of  War   12 
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 General  Bounce   16 

 Gladiators    16 
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Morning  Clouds    14 
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Ormsby's  Rambles  in  Algeria  and  Tunis  ..  15 
Owen's  Comparative  Anatomy  and  Physio- 
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Packe's  Guide  to  the  Pyrenees   15 

Paget's  Lectures  on  Surgical  Pathology  ..  10 
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 Cricket  Field   18 

 Cricket  Tutor   18 
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 Historical     and  Philosophical 

Essays  

 -Essays  on  Fiction  
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 Readings  for  Confirmation  ...... 

 Readings  for  Lent  
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